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APPENDIX A

PUMP TEST OF WELL REI-3-3 (August 11, 1986)
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Well REI 3-3 was first tested in November, 1985 with results provided in
ttre RI Report Questions were raised about the method of interpretation
ard the number of monitoring wells required for interpretation An
acdditional observation well, REI-3-5, was completed during the 1986
field program and a new pump test was performed The initial plan was
to use the new well, REI-3-5, as the pumped well The well did not
produce enough to run a sustained pump test Consequently, REI-3-3 was
selected as the pumped well

The REI-3-3 well was pumped at a fairly steady rate of 3 0 gpm for 750
minutes A slightly higher pumping rate of 3 2 50 3 4 gpm was recorded
about 50 minutes into the test Water levels in the pumped well and two
observation wells, REI-3-5 and an un-numbered piezometer, were monitored
manually using conventional well sounders Measurement accuracy is
about +/- 0 02 feet the water level response of the three wells during
the drawvdown portion of the test 1s shown in Figures A-1, A-2, and A-3

The water level drop noted in all wells after about 50 minutes probably
reflects the adjustment of pumping rate noted above The flattening of
the water level response observed in all wells following this drop 1s
believed to be attributale both to the onset of delayed yield effects
(Boulton, 1963) and recharge effects from an adjacent pond about 70 feet
from the pumping well It is difficult to isolate the effects of these
two influences

The most reliable part of the test for analysis of hydrogeologic
characteristics is the early time data prior to the noted increase 1in
pumping rate and also before the onset of recharge or delayed yield
effects Analysis of the responses in the two observation wells were
performed using the type-curve match method described by Boulton (1963)
developed for non-steady state response to pumping in wunconfined
aquifers  Actually, for early time matches before the onset of delayed
yield effects the Boulton type scurves are identical to the Theis (1935)
type curve The analysis indicates a transmissivity for the uppermost
part of the upper alluvial zone of about 500 gpd/ft (0.72 cm“/sec) For
a saturated thickness of _about 19 feet, an average hydraulic
conductivity of about 1.2x10°~° cm/sec is indicated for this unit. The
storage coefficient calculated for the unit is about 0.003 which is
reasonable for unconfined aquifer units (Freeze and Cherry, 1979).

A-1
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APPENDIX B

RESULTS OF THE SHALLOW ALLUVIAL AQUIFER
PUMP TESTING PROGRAM

MAY-AUGUST, 1988

FRENCH LIMITED SITE, CROSBY, TEXAS
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B-1 PUMP TEST OBJECTIVES

This appendix provides the description and analyses of the upper alluvial
zone aquifer tests that were completed under the direction of Applied
Hydrology Associates Inc in 1988 These tests were conducted in two
stages preliminary short term tests conducted on site between May 24 and
May 26, 1988 and longer term (6-to 8-hour) testing program conducted on
site from August 5 through August 15, 1988 Prior to this effort, testing
of the upper alluvial zone included only slug tests and several pump tests
at the REI-3 well 1location The pump tests performed during 1988 and
described in this appendix provide the additional information needed <o
characterize the spatial wvariation in hydraulic conductivity within the
upoer alluvial zone These results help support the assessment of
groundwater impacts that may occur during bioremediation testing or final
remediation of the French Limited Lagoon. The pump testing results will
also facilitate the design of groundwater recovery systems that may be
installed to remediate groundwater contamination

The preliminary tests were conducted during the monthly sampling of
monitoring wells in the upper alluvial zone in the vicinity of the French
Limited site The purpose of these tests was to provide a preliminary
assessment of characteristics on a large number of wells from which to plan
longer, more definitive tests on a select number of wells

A work plan for the longer term testing was prepared and submitted on June
13, 1988 An update of this work plan dated August 3, 1988 was prepared
partly in response to questions and concerns raised by Kathleen O’Reiley of
the Region VI office of the U S EPA The update also includes details
that were not discussed in the work plan including the use of control
measurements on select wells and the recommended monitoring intervals A
nunber of modifications to the testing program were also made in the field
erther 1n response to the sustainable pumping rates which were generall:s
lower than anticipated or to address concerns raised by personnel of the
EPA and Jacobs Engineering concerning test locations A summary of the
tests proposed in the work plan and the subsequent modifications of the
testing program is provided in Table B-1.

B-2 UNCONFINED AQUIFER PUMP TEST ANALYSES

Analysis of unconfined aquifer pump test results 1is possible using a
variety of equations and type curves that have been developed to
approximate the response of an unconfined aquifer to radial flow to a
pumping well Earlier solutions were derived by invoking the Dupuit
assumptions (Bear, 1979). Jacob (1963) derived a solution for unconfined
flow that was equivalent to the Theis (1935) solution by invoking the
Dupuit assumptions and using the following adjusted drawdown:

s! = s-sz/ZHo
where s’ = adjusted drawdown

s = measured drawdown and
Ho = initial saturated thickness

B-1
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TABLE B-1

FRENCH LIMITED SHALLOW AQUIFER PUMPING TESTS

ORIGINAL WORK PLAN TESTS:

PUMPED WELL OBSERVATION WELLS

REI-10-3 ERT-1, ERT-1lA, ERT-4, ERT-4A, REI-10-2,
REI-P10-2, REI-10-4,REI-P10-4

ERT-7 ERT-8, ERT-7A, ERT-8A

ERT-20 ERT-20 (Single-Well Test)

ERT-21 ERT-21 (Single-Well Test)

ERT-29 ERT-28, ERT-30

MODIFICATIONS TO ORIGINAL WORK PLAN

ERT-10-2 Short term step drawdown test
ERT-10-3 Short term step drawdown test
ERT-10-4 Short term step drawdown test
ERT-10 Long term pumping test (replaced ERT-10-3 Test)

Monitor wells ERT-9, ERT-9A, ERT-10A

ERT-22 Single well test
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The Dupuit assumptions require that vertical gradients are negligible
Anisotropy with respect to the vertical dimension and the increase in the
slope of the water table around a pumping well cause the actual drawdowns
to deviate from that determined based on the Dupuit assumptions

For many unconfined aquifer tests, the drawdown adjustment allows test
results to be interpreted by the three methods most commonly used for
calculating aquifer coefficients from time-drawdown data the Theis (1935)
curve matching method, the Theis (1935) recovery method, and the Cooper and
Jacob (1946) method The Theis method involves curve matching on a log-log
plot It is less restrictive but is not well suited to single well tests
where well efficiency and the assumed radial distance can significantly
influence the results The Cooper and Jacob method involves straight line
interpretations from a plot of adjusted drawdown on an arithmetic scale
against the time since pumping started on a log scale The Cooper and
Jacob method is based on an approximation of the Thels equation The
technique 1is appropriate qu analyses of aquifer tests 1n which the
dimensionless parameter u = r“S/4Tt is less than 0 01

where r is the radial distance between the pumping well
and the observation well (feet),
S is the storage coefficient (dimensionless)
T is transmissivity (feet®/day), and
t is the time since pumping started (days)

The parameter u is less than 0 01 when the radial distance to the
observation well is small or when the time of pumping is long The Theis
recovery method is a semi-log analysis like the Cooper and Jacob method and
has the same restriction on the dimensionless parameter "u" In this
method the recovery data are plotted on an arithmetic scale and the time
since pumping started, t, divided by the time since pumping stopped, t’,
are plotted on a logarithmic scale Transmissivity 1s determined by
mezsuring the slope of a straight line drawn through the data plot over one
log cycle Of the three methods, the Theis recovery technique 1s less
sensitive to fluctuations 1in pumping rate, a weighted mean pumping rate
will usually provide adequate results

Well bore storage can influence the interpretations from both the Theis and
Jacob methods Papadopulos and Cooper (1967) developed an equation for
racial flow to a pumping well in a confined aquifer which takes into
account casing storage influences Drawdown values calculated from their
equation differ significantly from the Theis and Cooper and Jacob equations
during the early portion of the pumping tests when a relatively high
percentage of the discharge from a pumping well is derived from casing
storage. Schafer (1978) provides the following semi-empirical equation
for determining t,, the time in minutes into a test when casing storage
effects become negligible

t, = (0.6(d.2-a.2))/(@/s)

where d, = inside diameter of well casing in inches
dp = outside diameter of pump column pipe in inches
Q/s= specific capacity of the well in gpm/ft of drawdown at

time, te

B-3
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Since t, must be known or assumed in order to determine the specific
capacity Q/s at time t,, an iterative procedure is needed to determine t,
from pumping test results Once the value of t, is known, the portion of
the test that can be interpreted with the Theis (1935) and Cooper and Jacob
(1946) methods can be identified Schafer’s (1978) analysis was
developed for confined aquifer conditions The well bore storage influence
may be somewhat less for unconfined conditions depending upon the degree of
an:.sotropy Thus, for the unconfined pump test analysis, Schafer’s
equation provides a conservative indication of the range of data subject to
well bore storage influences in the pumped well

Although well bore storage effects are generally associated only with
pumping well results, Black and Kipp (1977) show how well bore storage can
also influence the interpretations from observation wells using the Theis
solution In this study, well bore storage influences were not considered
in the analysis of the observation well response because it would be
difficult to distinguish well bore storage influences form delayed yield
effects

Variable pumping rates invalidate the use of conventional pump test
analysis techniques such as the Cooper and Jacob and Theis methods  Birsoy
and Summers (1980) have developed a technique for determining aquifer
parameters from variable and intermittent pumping data The technique
requires that the Theis conditions apply, other than constant discharge
In other words, the technique applies to radial flow to a well which
behaves like a confined isotropic, homogeneous aquifer The technique can
be applied to the adjusted drawdown from an unconfined aquifer response
using Jacob’s (1963) adjustment described above provided the drawdown 1s
small relative to the aquifer thickness The Birsoy and Summers technique
does not account for well bore storage influences Also, the technique
involves the Jacob approximation of the Theis equation and thus applies
only to the portion of the aquifer tests in which the dimensionless
parameter "u" 1s less than 0 Ol

For many unconfined aquifer tests, the results may not be amenable to
analysis by the Theis or Cooper and Jacob methods Boulton (1963) observed
that the drawdowns from unconfined aquifer pump test when plotted against
time on logarithmic paper often followed an inflected curve consisting of a
steep segment at early times that closely matched the Theis response, a
flat segment at intermediate times, and a somewhat steeper segment at later
times The intermediate segment suggested the release from storage of an
additional water source which Boulton referred to as "delayed yield"
Boulton derived a new flow equation assuming that a component of the
storage coefficient varies with time

A variety of explanations have been offered to explain the "delayed yield"
phenomenon Drainage from the unsaturated zone has been dismissed by
theoretical and experimental data which show that the influence is
negligible. Work by Neuman (1975) and Streltsova (1972) both showed that
delayed yield phenomenon may be caused by a time lag between the early
artesian response of the aquifer and the subsequent downward movement of
the water table. Bouwer and Rice (1978) have hypothesized that the delayed
yield response could be due to delayed air entry during the early drawdown

B-4
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response However, Neuman (1979) has observed that the delayed yield
phenomenon has been observed in a variety of site conditions and does not
apoear to correlate with hydrogeologic conditions which would contribute to
delayed air entry

Neuman’s (1975) explanation has gained the greatest acceptance Neuman
developed type curves from solutions based on linearization These
solutions are generally less restrictive than the Cooper and Jacob (1946)
and Theis (1935) recovery analysis but still depend on an assumption that
the drawdown at the water table remains small in comparison with the
initial saturated thickness of the aquifer

Walton (1978) concludes that analysis of unconfined pump test response can
provide meaningful results provided vertical components of flow, anisotropy
in permeability, decreases in aquifer saturated thickness, well bore
storage effects and partial penetration of wells are recognized and taken
into account in the analyses All these factors may appreciably affect the
time rate of drawdown, particularly during early pumping periods

B-2 1 SHORT TERM TESTING PROGRAM

Preliminary aquifer testing was conducted at the French Limited site
between May 24 and May 26, 1988 The testing was coordinated with the
sanpling of wells monitoring the upper alluvial zone in the vicinity of the
French Limited site The results of these preliminary aquifer tests are
included in Attachment 1 of this appendix

Personnel from ERT operated the pumps and performed the purging and
sampling of the wells AHA persomnnel monitored water level declines and
rises during the purging stage of sampling 1n an effort to obtain
preliminary quantitative estimates of transmissivity, hydraulic
conductivity and storativity of the upper alluvial zone Because the
purging operation moved relatively quickly from well to well, it was often
not possible to obtain recovery measurements Nevertheless, the objective
of the tests was not to obtain accurate estimates of aquifer
characteristics, but to obtain preliminary estimates from a large number of
sites which would be used in designing more rigorous aquifer tests at a
select number of wells

Particular caution was exercised in preventing cross-contamination of the
wells To achieve this, the well sounder was washed with deionized water
prior to insertion into the well. Water from the purging operation was
either pumped directly into the French Lagoon or pumped to temporary
holding tanks which were then dumped into the French Limited Lagoon by ERT
personnel so as not to risk contamination of soils offsite

Since the pump test measurements were taken when the wells were purged
prior to sampling, there was little control over the pumping rate The
pumping times were of short duration which usually allowed for only one
flow measurement. The only tests with more than one flow measurement, pump
tests at ERT-4 and REI-10-3, showed that pumping rates appear to have
varied significantly during the test with rates dropping during the later
part of the pumping period The +variable pumping rates make

B-5
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interpretations based upon one pumping rate measurement suspect Because
of the problems with pumping rate control, it appears that the most
reliable tests from the short term testing program are the tests that were
of short enough duration to be interpreted as slug tests or the wells with
specific capacities that were high enough to result in little variation in
pumping rate and minimal well bore storage influences

Wells ERT-28 and ERT-30 were pumped for only 4 25 minutes and 2 minutes
respectively and were slow to recover Analysis as a slug test was
believed to provide valid results, although they still should be viewed as
order-of-magnitude estimates Transmissivity wvalues of 52 gpd/ft and 63
gpd/ft were determined from the timelag analysis of the test results from
wells ERT-28 and ERT-30 respectively Detailed description of the test and
the analyses are provided in Attachment 1

The results from wells ERT-23, ERT-24 and ERT-27 indicate relatively high
transmissivities. Because of the high specific capacity for these wells,
the well bore storage effects appear to have had minimal influence on the
test and would have been negligible beyond two minutes into the drawdown
and recovery periods. Furthermore, it is likely that the pumping rate was
less variable because of the limited drawdown The pumping period was from
eight to nine minutes and the flow measurement was recorded about midway
through the pumping period The transmissivities estimated from the
drawdown and recovery data are 7133 and 8420 gpd/ft respectively for well
ERT-23, 2448 and 2922 gpd/ft respectively for well ERT-24 and 7001 gpd/ft
from the recovery data for well ERT-27 These estimates are believed to be
representative of the approximate magnitude for transmissivities 1in the
immediate vicinity of these wells

The other results from the preliminary testing program are less reliable
because of unknown variable pumping rates and well bore storage effects
Data from the recovery periods of the preliminary tests on wells ERT-25 and
ERT-26 are considered marginal but are believed to provide order-of-
magnitude estimates of transmissivity The transmissivity estimated from
these tests are 1550 gpd/ft for well ERT-25 and 1300 gpd/ft for well ERT-
26

The results from the preliminary tests at wells REI-10-3, ERT-2, ERT-3,
ERT-4, ERT-7, ERT-8, ERT-9, and ERT-29 were not used because well bore
sterage effects and/or variable pumping rates precluded wvalid
interpretations from these tests In fact, attempts to use the results to
design the longer term testing program led to overestimating the desired
purping rates for the designed tests because of the overestimation of
transmissivities from these tests In that respect, the preliminary test
fell short of its intended purpose The attempt to develop preliminary
information on aquifer characteristics during well purging may be
appropriate for wells exhibiting very high or very low transmissivities but
may be inappropriate for wells with transmissivities between these extremes
without considerably more control over pumping rates.

B-6
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B-2.2 LONGER TERM PUMP TESTING PROGRAM

In the work plan "Pumping Test Program For Shallow Alluvial Aquifer Zone"
(July 28, 1988), five wells were selected for the longer term pump tests

Four of the locations were selected to develop aquifer characteristics in
the vicinity of where groundwater recovery wells would most likely be
located immediately south of the French Limited Lagoon. The fifth well,
ERT-29 was selected to characterize the aquifer between the French Limited
Lagoon and the Riverdale Subdivision. The test program called for pumping
each well for six to eight hours and to measure drawdown and recovery in
the pumped well and in any observation wells Two of the tests, ERT-20 and
ERT-21, were designed as single well tests.

An update of this work plan dated August 3, 1988 was prepared This update
included the provision to monitor control variables during each of the
tests The recommended control variables were precipitation, lagoon levels
(for the proposed REI-10-3) test and at least one control well for each
test. The purpose of the control measurements and in particular the
control wells is to be able to identify the extraneous fluctuations
associated with evapotranspiration and recharge from precipitation and to
remove these fluctuations from the water level response in the observation
wells in order to arrive at the response due only to pumping It was known
from the extensive measurements taken during the aquitard evaluation tests
performed in 1986 by Applied Hydrology Associates (AHA, 1986) that the
water level fluctuations in the upper alluvial zone are unaffected by
barometric fluctuations Therefore, barometric measurements were not
included as a control variable

B-2 3 LONGER TERM PUMP TESTING RESULTS

A number of modifications to the testing program were also made 1in the
field either in response to the sustainable pumping rates which were
gererally lower than anticipated or to address concerns raised by personnel
from the U § EPA and Jacobs Engineering concerning test locations Short
term step drawdown tests were performed on wells REI-10-2, REI-10-3 and
REI-10-4 These tests did not include control measurements A longer term
test of well REI-10-3 was not performed. Instead, a seven-hour pump test
was conducted on well ERT-10 A seven-hour test was also conducted on well
ERT-22 Tests of six to eight hours were performed on wells ERT-7 and ERT-
21, as called for in the work plan The tests on wells ERT-20, and ERT-29
were terminated short of six hours because of pump failure on well ERT-20
and drawdown to the pump level at well ERT-29.

A summary of the pump tests conducted during the August longer term upper
alluvial aquifer analysis program is provided in Table B-2 A description
of the background, procedures and results for each test are provided in
Attachment 2 along with the field data and reduced data from the pumping
well, the observation wells and the control wells The estimates
considered to be most representative for each well tested are summarized in
Table B-3
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TABLE B-2

SUMMARY OF PUMP TESTING PROGRAM
FRENCH LIMITED SHALLOW AQUIFER TESTS

Date Pumped Observation Control Pumping Test Duration Maximum
Well Wells Wells Rate (mins) Drawdown
rate time DD Recov (ft)

(gpm) (mins)

8-05-88 REI-10-4 REI-10-2  nome 15 0- 30 30 18 62
REI-10-3 00  30- 90 60
25 90-116 26 30 72
8-08-88 REI-10-2 REI-10-3  none 08 0-34 34 27 4
REI-10-4 059 34-100 66 34 01
00 100-265 165
8-09-88 REI-10-3 REI-10-2  nome 05 0- 30 30 20 37
REI-10-4 10 30- 42 12 25 94
ERT-1 00  42-512 470
8-08-88 ERT-20 GW-08 ERT-21 2046 0-78 137 120 8 2
and ERT-7A 25  78-115
8-09-88 ERT-7 2 67 115-137
REI-6-2
8-09-88 ERT-7  ERT-7A REI-10-4 6 67  0-495 495 630 27 21
ERT-8 REI-6-2
ERT-8A ERT-1
8-10-88 ERT-21 GW-03 ERT-20 383  0-480 480 720 16 09
REI-6-1
REI-3-3
REI-3-2
8-11-88 ERT-22  none ERT-23 435 0- 60 420 480 27 21
ERT-7A 2.4 60-330
ERT-7 2 88 330-420
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Date

Pumped Observation

Well

8-12-88 ERT-29

8-15-88

ERT-10

Wells

ERT-28
ERT-30

ERT-9
ERT-9A
ERT-10A

TABLE B-2 (continued)

Control
Wells

ERT-23

ERT-1
ERT-1A
ERT-8
ERT-8A
REI-10-4

Pumping

rate

(gpm)

FPHRHORO

OSON

66
79
58
35

05
84
64

Rate

time
(mins)

0- 60
60-106
108-210
210-220
220-250
250-260

0- 97
97-317
317-430

Test Duration Maximum

(mins) Drawdown
DD Recov (ft)
460 120 19 4
97 33 46
220
113
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PUMP WELL

ERT-10

ERT-10

ERT-20

ERT-21

ERT-22

ERT-7

REI-10-2

REI-10-3

OBS WELL

ERT-9

REI-10-4

ERT-20

ERT-21

ERT-22

ERT-8

REI-10-4

REI-10-3

ANALYSIS
METHOD

Bursoy &
Sommers
(Recovery)

Boulton
Del Yld

Birsoy &
Sommers
(Recovery)

Theis

Recovery

Brisoy &
Sommers
(Recovery)

Boulton
Del Yld

Boulton
Del Yld

Theis
Recovery

TABLE B-3

T
GPD/FT

754

145

695

595

714

1387

142

B-10

SUMMARY OF UPPER ALLUVIAL AQUIFER TESTS
AUGUST, 1988
FRENCH LIMITED SITE

CROSBY, TEXAS

K
CcM/S

1 19x10°3

2 28x107%

9 37x10°%4

8 02X10-4

8 42x10°%

2 33%10°3

4 78%10°%

1 88X10°°

17]

0058

00079

0041

0086

SATURATED
SCREENED

INTERVAL

30 feet

30 feet

35 feet

35 feet

40 feet

28 feet

14 feet

10 feet
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The results from wells ERT-9, ERT-20, ERT-21 and ERT-22 all indicate
similar values for transmissivity in the range from 595 to 754 gpd/ft

Results from the drawdown analyses indicate a broader range for
transmissivity but the recovery data are considered to be the most
reliable The transmissivity estimate of 1387 gpd/ft calculated in the
vicinity of well ERT-7 is somewhat higher but corresponds with the higher
well yields from wells ERT-7 and ERT-8 The storage coefficient of 0 0041
determined from the recovery analysis corresponds with the early test,
elastic storage coefficient as described by Neuman (1975) It is not
representative of the specific yield that would characterize the storage
coefficient for a long term test or pumping program

Transmissivity values appear to decrease toward the southwest corner of the
French Limited Lagoon west of well ERT-9 The transmissivity calculated
from the analysis of the response in well ERT-9 during the pump test of
well ERT-10 was 754 gpd/ft The storage coefficient of O 0058 was
relatively close to the estimate from the ERT-7 well test The
transmissivity wvalues around wells REI-10-2, REI-10-3 and REI-10-4 1is
substantially lower as evidenced by the very low values for specific
capacity for these wells and the pump test results

All the pumping well data from the step drawdown tests at wells REI-10-2,
REI-10-3 and REI-10-4 were subject to significant well bore storage

influence The drawdown response at observation wells was relatively
minor The best response was in well REI-10-4 during pumping of well REI-
10-2 Even though the pumping rate changed during the test, the rate

change was less than 30 percent and 1t occurred relatively early during the
test The drawdown response was successfully matched to a Boulton Delayed
Yield curve with r/B = 2 0 The resulting transmissivity was 142 gpd/ft
which seemed reasonable while the corresponding storage coefficient of

00086 was thought to be reasonable for the early test response for an
unconfired aquifer

The Boulton Delayed Yield analysis of the response in well REI-10-4 during
the pump test of well ERT-10 indicated a remarkably similar aquifer
characteristics with a transmissivity of 145 gpd/ft and a storage
coefficient of 00079 The Theis recovery analysis of the pump test at
we.l REI-10-3 produced a much lower estimate of transmissivity of only 4
gpd/ft This low value is thought to be representative of conditions in
the immediate vicinity of the well given the very low specific capacity of
the well and the lack of a response in well ERT-1 located only 20 feet
away However, the results at the observation well REI-10-4 are thought to
be more representative of the general conditions in the vicinity of the
RE]1-10 well cluster

A more transmissive zone appears to exist in the vicinity of well ERT-23

This zone is localized as evidenced by the low transmissivity values at
wells REI-10-2 and REI-10-4 northeast of the well and at wells ERT-28 and
ERT-30 located southwest of the well The estimated transmissivity is
approximately 8000 gpd/ft. The high transmissivity may be associated with
a channel sand. This more transmissive zone does not appear to extend to
the southeast as far as the REI-3-3 well but may extend toward the
northwest and west in the direction of well ERT-24 and well ERT-27 The
preliminary test results at well ERT-24 suggested a transmissivity for this
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well of approximately 2500 gpd/ft Likewise, the recovery analysis from
well ERT-27 indicate a transmissivity of about 7000 gpd/ft However, the
results from well ERT-27 were considered to be less reliable because of

possible errors in pumping rate measurement and possible influence of well
bore storage.

The slug test analysis of wells ERT-28 and ERT-30 suggest very low values
of transmissivity for these wells. These results should be wviewed as
order-of-magnitude estimates considering the limitations of slug test
analyses Furthermore, slug test results are representative of the zone
immediately around the well bore which may not be representative of the
aquifer especially if the well was not thoroughly developed

B-12
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ATTACHMENT 1

PRELIMINARY PUMP TEST DATA AND INTERPRETATION
French Limited Site,
Crosby, Texas

MAY 24 to MAY 26, 1988
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 26, 1988
PUMPED WELL ERT-4
OBSERVATION WELLS ERT-1, radial distance 15 75 feet

CONTROL WELLS® none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of wells
ERT-1 and ERT-4 precede the aquifer test data which follow Prior to
purging the pumped well, ERT-4, the depth to static water level below the
top of casing in the observation well, ERT-1, was measured uslng an
electronic well sounder with accuracy to 01 feet The well was purged
with a submersible pump and water level measurements were taken with the
electric sounder on about one minute 1intervals during well purging The
purp was stopped after 11 17 minutes and two recovery measurements were
taken Additional recovery measurements were not taken because the purging
operation moved quickly to the next well Two measurements taken with a
five-gallon bucket and stop watch showed this pumping rate to vary from
12 8 gpm near the start of the pumping to 3 4 gpm about 5 5 minutes after
the start of pumping

The drawdown values were corrected using the following correction
devzloped by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s!' = s-sz/ZHo

where s’ = adjusted drawdown
s = measured drawdown and
Ho = initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns
Water levels in the pumped well were not measured during the test

Water produced from the test was dumped directly into the French Limited
Lagoon

INTERPRETATION.
The observation well, ERT-1, located 15.75 feet from the pumped well showed
a response to pumping that could be matched with a Theis curve using the

nonproprietary IGWMC program THCVFIT (van der Heijde, 1987) for aquifer
tests in which drawdown data were recorded at an observation well at a
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distance r from the pumped well The program is based upon the Theis
curve matching technique The program allows the user to interactively
match a log-log plot of drawdown versus time to a Theis curve The program
calculates the match point, the transmissivity and the storage coefficient
given the constant pumping rate and the radial distance between the pumped
well and the observation well Using the average pumping rate determined
from the two measurements, the resulting transmissivity estimate was 347
gpd/ft , the average hydraulic conductivity was determined to be 5 5x10°
em/sec, and the storage coefficient was determined to be 014 The results
of this analysis are attached

The results of the test are considered questionable because of the variable
pumping rate and the lack of recovery measurements which would have been
less sensitive to pumping rate fluctuations The u value at the radius of
the observation wells was too large to permit satisfactory application of
the semi-log techniques such as that of Birsoy and Summers (1980)
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FRENCH LIMITED
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STATIL WATER LEVEL: 6.08 FEET
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Frogram THIZVFIT Version 1.0 IGWMC Indianapolis - Del+ft

e v~ o o Ay ot S D S T S A — _— ——" > i A8 i Y ey S e P et S S 18 S oy S St S} S S ke et S (i e e e —fum b S Y S S i Ml Ak AL o S e = e o o e et o g it St e e i

INITIAL DATA:

S1te rame: FRENCH
Name c+ pumping well: ERI-4
Neme of observation well: ERT-1

Constant pumping rat@.c.vceisceesse=-.0 = 11270 gal/day
Fadial dis—ance to observation well...R = 15.75 ft
Matchpoint droawdown..cceiseninnenee.85A = LJI570798 +t
Number of response pPalrSe.asssses:.NUM = 11

AOUIFER-TEST TIME-DRAWDOWN DATA

# T.me (min) Drawdown (£f1) # flimes (min DI awdown -1
| 1.0 L Ol o oo tr, sl
- T.20 et/ 4 4, T Vel
pl Sl O, 1w & ELTO a1
v s et 1, .20 B g, 2 R IR
~ ERPAY 24 1u 1.0 2o 1.t

CalSULATED PARAMETERS

Mransmissiviky TRANS = Z.4791E+07gal /dav/ft
Storage coefficient STOR = 1.3792E-02
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST. May 26, 1988
PUMPED WELL REI-10-3
OBSERVATION WELLS ERT-1, radial distance 20 4 feet

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of wells
REI 10-3 and ERT-1 precede the aquifer test data which follow Prior to
purging the well the depth to static water level below the top of casing in
both the pumped well and the observation well were measured using an
electronic well sounder with accuracy to Ol feet The pumped well, REI
10-3, was purged with a submersible pump and water level measurements were
taken with the electric sounder during well purging Recovery measurements
were not taken in the observation well, ERT-1, but were recorded 1in the
pumped well The well bore in well REI-10-3 was purged nearly dry after
2 27 minutes of pumping causing the pump to stop several times during the
15 7 minute purging operation One flow measurement of 11 54 gpm was taken
via a five-gallon bucket and stop watch during the initial pumping period
From the one flow measurement and the on and off times of pumping, a
weighted mean pumping rate of 2 29 gpm was estimated Obviously, the
punping rate varied considerably during the purging operation because of
starting and stopping of the pump

The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
be:ter apply to unconfined conditions

s' = s-sz/ZHo
where s' = adjusted drawdown

s = measured drawdown and
Ho = initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns
Water levels in the pumped well were also measured during the test

Water produced from the test was dumped directly into the French Limited
Lagoon
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INTERPRETATION

The observation well ERT-1 located 20 4 feet from the pumped well, REI 10-
3, showed a response to pumping that could be matched with a Theis curve
using the nonproprietary International Ground Water Modeling Center (IGWMC)
program THCVFIT (van der Heijde, 1987) for aquifer tests in which drawdown
data were recorded at an observation well at a distance r from the pumped
well The program is based upon the Theis curve matching technique The
program allows the user to interactively match a log-log plot of drawdown
versus time to a Theis curve The program calculates the match point, the
transmissivity and the storage coefficient given the constant pumping rate
and the radial distance between the pumped well and the observation well

Using the weighted mean pumping rate of 2 29 gpm, the resulting
transmissivity estimate was 1859 gpd/ft, the average hydraulic conductivity
was determined to be 2 9x10°” cm/sec and the storage coefficient was
determined to be 0 008

The recovery data from the pumped well were analyzed wusing the
nonproprietary International Ground Water Modeling Center (IGWMC) program
RECOVERY in the PUMPTEST package (Beljin, 1986) which is based upon the
Theis (1935) recovery method in which residual drawdown 1s plotted on an
arithmetic scale against the parameter t/t’ (time since pumping
started/time since pumping stopped) on a log scale RECOVERY also allows
the user to interactively specify which data are to be fitted to a straignt
line Using the weighted mean pumping rate of 2 29 gpm, the resulting
transmigsivity estimate was 7 gpd/ft and the hydraulic conductivity was
1 1x10"° cm/sec The results of these analyses are attached

Tha results of the test are considered questionable because of the wvariable
punping rate and the discrepancy in the magnitude of the transmissivizy
between the two methods The estimate using the recovery measurements 1s
less sensitive to pumping rate fluctuation but is still determined to be an
unceliable estimate because of the variable pumping rate and well bore
storage effects in the pumped well
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REI RESOURCE ENGINEERING
\ ™ 4

SUBSURFACE EXPLORATION

Sheet 1_of 1 _

LITHOLOGIC LOG AND CONSTRUCTION

OF RE! 10-3
Chent ERFN DRILLING AND SAMPLING INFORMATION
Project Name Freach Ltd, 1986 F. I, Date Started 7/21/86 Date Completed 71271/84
Project Location ros 5 Method MR Total Depth 4B.0 FFET
Job No 275-14 Boring No 10-3 WELL COMPLETION INFORMATION
Logged By S o Bajrd Screen Dia Length 10 30"
Approved By Slot Size 0 010" Type P\C
Drilled By Shl Casing Dia 4 Length 19 hh
w > Q z -
[o] a T [o] © [
= STRATUM | 2 z w il -0
L s w DESCRIPTION ELEVATION]| u w g 23w (>
ad wrEET | & | 2 I O -
°F sl 2121 8¢
SLAFACE ELEVATION 13 80 “ » v Q v ~
— 0
— SURFACE FILL AND GRAVEL R .
- 10 7 N
~| Sa"D AND CFRAVEL ba'd =4 o
: n ¢ q;?. 1
m -;-.O:r -
- 43 HX &
10— ot 5
SL (HTLY CLAYEY SAID 26 /7, L
= SILTY SAND i
- { ,
: * 1 € .
— 14 .
20 3 i
| = |
| 3
' — ,
-
I 10
| ? -18 & !
} I Sa.DY SILT/CLAYEY SILT
| 3 =24 ° 1]
‘ oy —] SHT eniDianton SILT ‘ o
= z
3
| ! - |
= o
' S5y Lty sLa |, reddish brosm Al 1 SEES ! -
ELECTRIC LOCCED A}D COMPARED wITH -3e 24

50 a TP & 9 B7RI*C (8") DRILLED TO 48°

"0 T CUS SAIP'E LOG FROM ADJACEMT 10-1
so bOTLUSH  ALVE
STHEZ 3 IahD TSTD I SAND PACH,
FPOLTED TO “UPFACE WITH CEME%T/BE '‘TONITE SLURREY
EL.vATION (7 ICP OF CaSINC SLRVEYED

nulun|lu-1|l|llullulnlluuu11IJHluJulJ_LLLU_LLLLLLJILLu

FOUR INCH MONITOR WE!. SE™
4" SCH 40 P\C FLUSH JOINTED CASINC, AND O 010" SLO"
1/2" BENTOMITE PELLFTS I SEAL

WELL CAFPED A.D % .[ED |

SAMPLER TYPE
§S DRI/EH SPLIT SPOON CA - CONTINUOUS FLIGHT AUGER
§T PRESSED SHELBY TUBE RC - ROCK CORE

HSA - HOLLOW STEM \UGERS
CFA - CONTINUOUS FLIGHT AUGERS

BORING METHOD
OC - DRIVING CASING
MD - MUD DRILLING
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fElQT FIGURE 4-3 sneet] o1 ]

LITHOLOGIC LOG AND CONSTRUCTION
A RESOURCE ENGINEERING COMPANY OF MW-

LR1_]
C-in__L ';l! L;d 'lg_isk Group 3 \ -
P:one:l N-mfﬁueme rion Date SllqumL ‘Z j]7§)7 SAMPLD":::; ‘g:::ll:l‘:‘a‘%y] ]/8’
Froject Locrugn 3 Method Youst Deovn __ ST fept
Job Na /2% 2 uw WELL COMPLETION INFORIIATION
Logoed By SLE Sciean Dls " Lengih
Approved 8y Siol Bisew | ' Yype L,
Brilea By SIS CosingDa 84— Length feet
” W » Q -
Ty S':'g sraatun | 2 E ; 5 _‘?__- 'i
™ DESCRIPTION vz &|eevanont w w 8 v asl-
£z a;; IN FEEY i ;‘ w 5 ¥ g ;
U | SURTACE ELEVATION H D) b " S 7 M
§SILTY SAND-gray, medium to fine grain, wet, ° )
]L)_E1 ascrted multicolored fines,odor . P.,
5 ag:
20Jthin gra.el ledge slight odor, dark gray i
3 sludge ERE
g 1 E
3 Bl
RANDY CLAY-gray, multicolor gravels washing ' -
Strom above 7Y :Zj
ZBANLY SILT & SILTY SAND-tan, strong odor 3 ]
403 =
F'CRY SiLly CLAY-gray and white ,odor =
50..5 A
E'UMKIIUS\'—CIDK%LD INTLRPRETCD BY CITGASGLS [ ——
ZIN DRILLING RATE,CUTTINGS IN MUD PIT, AND
3,065 TROM ADJACENT WELLS. WELL BORE WASHED
30 ;ﬁ MECT WITHH A ROLARY WASH DRILLING RIG
FING A SOPIUM BENTONITE MUD CASING INSTALLND,
-E]a-\ND PACKNED AND SEALED WITIl ]/2" BENIONITE
E‘ELLETS, PRESSURE GROUIED 10 THE SURFACE
1711 CLASS 1 CCMLENI/BENTONITE SLURRY VIA
JREMIE PIPE WELL CAPPLD, VENTED, NOTCIICD
=\ND COVERED WITH A CAST IRON STANDP'IPE.
E
E
2
-4
L 3
PAVPLER YYPE QRING METIROD
$ DAL, 8B 1Y SPODN CC-CONLTINUOUS CORNER HSA - HOLLOW STEM AUCERS AR-AIR RDTARY
TOPCIEOrD SHELB. THOT  CS-CALIFORNIA SAURLER CFA  COMTINUOUS FLIGHT AUGERS  AW-ADTARY WaSM
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FRENCH LIMITED
CrROSBY, TX

ERT-1 OHSERVATION

SEI 10-7 RUMFED

DATE: S5/2&6/38

STATIC WAIER LEVEL: 6.05 FEET

FUMFING FATE: 2.29 GFM = 3,397.0 GFD (WEIGHTED MEAN AVERAGE)
Dl1SI@NCE TO OBSERVATION FOINT: Zuw.4 FEET

ThlwWl DEFRTH OF WELL: 47.38 FEET

ANUIFER T4 Cr NESS: 473.78 — 6.05% = 57.237 FEET

“ime Since Time Since Depth
Fumping Fumping to Corrected
Startec,t Stopped, t° WNater Drawdown Drawdown, s’
m1nutesH {(minutes) (teet) {(teet) (fret) Comments
.y b.06 w.ol 1,0t Fump Ot4
O = 1 .06 .ol vl
.8 &.07 G,u7 IR
+ 3 L3 I AR
b= 2 H. 10 tr, U W, o
.3 9.1 NI 1, O
» 2 e 1l (PR} w. o
_e o 12 L7 (N
17 <=z o. 17 e R
1. 753 Fompy o
¥ = e BT o IRIRRIE tomo G-+
oz Frmp Lm
L4+, ok o.1l. (R~ v ue
170 Fump 1 «r
4. 368 .17 0,049 w, e
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Curve matching - English units

Sife |
Pumping well ;
Ohsery, well .

Match point

Pumping rate 5

dpawdown |
Thansmissiv, |
Storativity |

FRENCH
REI 19 -3

1.413E-01
1,839E+03
§.819E-03

F2-)Plot Theis

F3-)Plot data F4-Match F9-)1,§8 TFe-Print F7-2End
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Frogram THCVFIT Version 1.0 IGWMC Indianapnlis — Del+ft

INITIAL DATA:

Site name: FRENCH
Mame of pumping well: REI 10-T
NMame of observation well: ERT-1

Constant pumpling rFatR.esesssesanrssesa = T097.6 gal/dav
Radial distance to observation well...R = 20.4 ft
Matonpoint drawdoWwn. .wesesnsesenseesaSA = 1412579 ft
Number of reSpPONSe PR1rS.acssssssaaaaNUM = 2
AOLLFEF~TEST TIME-DRAWDUOWN DATA
# I ne rtminrn Drawcown (£ E1d Nme 'min; Orauwdown - ¢
2.2 vl 2 2.30 teavil
B T.0bE .02 o+ + =g G, 1l
z S.38 . 0 2 5. 38 ORI
- 7,88 S INT. e Dati v o
= 12,33 0,3 LG 14,3, =
1 14, 8 0,08 h 4,8, Jen NIRRT

CALCULATED FARAMETERS

1.8387E+07gal /days fE
8.079CE~0T

“ransmissivity TRANS
Sto-age coefficient STOR
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DATE: 5./.25,83
STATIC WATER LEVEL:
FIMP NG RATE:

2..29 GPM

4.93

FRENCH LIMITED
CROSBY, TX
WELL REI 10-3

FEET
(WE{GHTED MEAN)

DISTANZE TO OBSERVATION FOLINT: 1 FOOT
TITAL DE-TH 0OF WELL:

ALLIFE~S THICH NESS:

~

FE

3 FEET (SOUNDED)
42,25 - 4.95 = 17.370 FEET

fime 3ince Time Since Depth

Fumping Fumping to Corrected

Skarted,t Stopped, t° Water Drewdown Drawdown, s

(minukes) vminutes) (+eet) (teet) ({wet) Comnments
—. Fompy Or+
15.2.3 Fiunp dn oile

Wa—esr Fumced

14,27 Fomp Je>
T, 2 e un
Yol Fompez J~+
2l 12,13 —-leBu l8.ex T4,y

B 19,113 T 12.0l IR

_E.= Zt.1g PR 3 lo. AU T.z 3
T2 B R 2hatng TEL11L Pia?1

- 2l.1e IR L.~ 1. 00

~ R PR ! I L.+

-7z 4.1k fmwdr boLde 1...7

L 30y 25.14 22.148 17,02 L. 28

41,33 Zb. 18 21.99 17.00 123.173%
2.83 27.18 21.79 156.80 15,02

47 .83 ~8.18 21.58 lo.67 2.9

44,84 29.18 21.41 16.464 1.2.87

30.843 Z5.18 20.74 15. 29 2.22

S6.88 41.18 192.37 14.44 11.64
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L S I E T T ERELEEELL LA LL LS LS AL s L AL L Ll 2 X

program: Recovery
version: IBEM PC 1.0

A FROGRAM FOR FPUMF TEST ANALYSIS USING JACOR'S
FORM OF THEIS EQUATION AND LEAST SOUARES® METHOD.

¥ &k k4 k¥

¥*
*
+*
*
*
*
*
*

9 e A A F eI H AT I T KK He A I K KA KN R AR PR R N

FRENCH LIMITED

FROJECT . waannuns
LOCATION. . ueuus CROSRY, TX
WELL . ewosnnnamans REI 10-T
DATE s vaaaaanss = 3/06/88

STATIC WATER LEVEL S.W.L. = 4.95 [ft]
DISCHARGE RATE. cesvnnnsrsnans = 2.09 [gpml
DLRATION OF FUMFING FERIOD... = 15.7 [minl

NO TIME t'Llminl TIME t [minl t/f" URAWDOWN s L+t LC=VIATIUN

1 18.18 Sl.88 1.866 14,090 +.000E Fun
- 17.18 T4.83 1.82 175,970 + L E e
- 2001y ~S. 88 1.7& 17.240 +. vn Erod
S1.18 Ih.8d 1.74 [ N .o luEr
] ~—.18 7,98 1.71! 17, oL +on e
x 20018 8. 25 1.9EC LT, d=u o afE e
- oaig R 1,57 17,700 4 DE-- R
= 25.19 40, 32 [ | Bl - ITHdE -
S Z5. 18 41.88 1 euw 17,10 - TeE -
i AP 472,35 1.58 12,00 R CR T
i1 8. 18 47, 88 L.%nm 1L.w-20 4 ook D
z 25t 35 L. 54 10, .0 S A
1. T5. 1k L.k Lodh 122 2o - TR
L 41,13 Sa. 838 1. 73582 1. 24 A
1= 214,00 TLG.T70 1.0 (WY e 7 k0l

TRANSMISSIVITY T = J102E-04 [ftl/s]
T = 7 Lgpd/+t1

DATA SEGMENT ANMALYZED :
- starting with data pair 13
- ending with data pair 15

DETERMINATION COEFFICENT = .9917112

LRt AT T E LIS LA AL LI R DXL LIS LS L L R L X
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 25, 1988
PUMPED WELL ERT-2
OBSERVATION WELLS ERT-5, radial distance 11 5 feet

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an 1llustration of the location of wells
ERT-2 and ERT-5 precede the aquifer test data which follow Prior to
purging the pumped well, ERT-2, the depth to static water level below the
top of casing in the observation well, ERT-5, was measured using an
electronic well sounder with accuracy to 01 feet The well was purged
with a submersible pump and water level measurements were taken with the
electric sounder about two or three times per minute starting at three
minutes until the pump was stopped after 8 67 minutes of well purging

Recovery measurements were not taken because the purging operation moved
quickly to the next well Because of the short duration of the test, only
onz flow measurement was taken at the beginning of the test with a five-
gallon bucket and stop watch

Th2 drawdown values were corrected wusing the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s' = s-sz/ZHo

whare s’ = adjusted drawdown
s = measured drawdown and
Ho = initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns
Wazer levels in the production well were not measured during the test

Water produced from the test was dumped directly into the French Limited
Lagoon

INTERPRETATION

The observation well ERT-5 located 11 5 feet from the pumped well showed a
response to pumping that could be matched with a Theis curve using the
nonproprietary IGWMC program THCVFIT (van der Heijde, 1987) for aquifer
tests in which drawdown data were recorded at an observation well at a
distance r from the pumped well. The program is based upon the Theis
curve matching technique. The program allows the user to interactively

B-35



023R77

match a log-log plot of drawdown versus time to a Thels curve The program
calculates the match point, the transmissivity and the storage coefficient
given the constant pumping rate and the radial distance between the pumped
well and the observation well  Assuming that the pumping rate of 12 3 gpm
measured at the beginning of the test is representative of the average
pumping rate during the entire test, the resulting transmissivity estimate
was 1316 gpd/ft , the average hydraulic conductivity was determined to be
1 9x10°° cm/sec, and the storage coefficient was determined to be 0 011
Tre results of this analysis are attached

The results of the test are considered questionable because of the
likelihood of variable pumping rates and the lack of recovery measurements
which would have been less sensitive to pumping rate fluctuations The u
parameter value at the radius of the observation wells at the end of
pumping was 0 33, which is much too large to permit satisfactory
application of the semi-log techniques such as that of Birsoy and Summers
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A CcoNTROL WELL
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ER =3R79 FIGUaE 4-) Shenl o1l
LITHOLOGIC LOG AND CONSTRUCTION

A RESOURCE ENGINEERING COMPANY OF Mw-~

— FRI1 2
en sh Group tf]
E::|¢|:m§n%ﬁ§¥3n%£'1_i]t:1a‘qn Daite ‘un.qomL ' SA“'Lol:‘& .g;g:l':ll"g} ] ]/87
Broject Locspon Lroshy  TX Melhod Tots! Deptn s Teer ——
Joo No 2 /p-21 ww ERT 2 WELL COMPLETION INFORIJATION
e —— ot fre T Sons "
Drittea By NE Costng Dz 3" t::;‘hms
[ w -
T 3;2 staaton | ¥ r § § g' H
S DISCAIPTION f&lutvaronf » - -] g s < -
Bz !;f norLet ; ; :.3 i YLl
v BURTACE ELEVATION i i w | 2 S E
T" ROAD FILL 11{ el b
3 . e
3 :
]o:SA.\D- gray_and white slightly silty, medium
o fine grained,odor
:::'SAND\ CLAY-gray s
3
-ES-\J\J-uhlte and gray, very fine to fine grain
30+
=
-PLIGHTLY CLAYRY SILT- grayish white, strong
goPdo-, wet 155¢
— 199
- 1964
= 95!
= ‘5!
5opILTY CLAY-gray to white, some interbedded
panc lenses
FURCATION CHRANGES IRTERPRETED BY CTHANGES
-'—:!'\' CRILLING RATE,CUTTINGS IN MUD PIT, AND
LOGE FRO!M ADJACENT WELLS  WELL BORE WASHED
0 £ FEET WITH A ROTARY WASH DRILLING RIG
:_itSING A SODIUM BENTONITE MUD. CASING INSTALLRLC,
—hAND PACKED AND SEALED WITH ]/2" BENTONITE
PELLETS, PRESSURE GROUTED TO THE SURFACE
ITH CLASS 1 CEMENT/BENTONITE SLURRY VIA
JREMIE PIPE. WELL CAPPED, VENTED, NOTCHED
—3AND COVERED WITH A CAST IRON STANDPIPE.
]
]
-
-
: i
g
3
.5 Dmivie gPon SPC}C.‘:_;-LL-C%%[ONUINIDUS COANER HSA MOLLOW STEM ‘ucl'.’gls_"_‘j_ﬂ'"_o‘:.“' ADTARY
T OIRrger s Ruri By TUBL  CE-CALNOANIA fAuPLER CFA CONTINUDOUS FLIGHT AUGENS Rw -AQTAAY wagw
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mtge FIGUR? 4-3 Sheer L o1]
LITHOLOGIC LOG AND CONSTRUCTION

A RESOURCE ENGINEERING COMPANY OF MW<-ERT 5

Chent _Wk Group DRILLING AND SAMPLING INFORIATION
Protect Name 131100 Oate Suru;m,}LZiLﬂj_ Oate Comomcg Sé 24{87

Fioject Location Croshy N Method g Total Depin
Job Ho 2-5a2l w_ _FERT S nlELL COMPLETION INFORIAATION

Ltogoec By SR ’ Screen Dia Length 30 feet
Approved B Siot Sue ' Type VO
Dinigo 8y Rl Cosing Dia 4~ Lengin _ LU feel
- eﬁg stAatum | B § E § ; E
i DESCAIPYION “$3leevanion] w | o o v 2SS |=
gr 5;_-5 moreer | £ : H Vi £
0 SLRPACT CLEVATION "l! - < - < 9 3
\ ;E WELL ADJACENT TO PREVIQUSLY INSTALLED WELL
JC—_ CUTTINGS AND-DRILLIND RATE COMPARED WITH
E PREVIOUS LOG.
203
=
303
403
:
502
?-\ELL B0RE WASHED TO 50 FEET WITH A ROTARY
E\ASH DRILLING RIG USING A SODIUM BENTONITE
S™uD CASING INSIALLED, SAND PACKED AND
ZISEALED WITH ]/4'' BENTONITE PELLETS, GROUTED
STO Tl SURFACE WITH CLASS 1 CEMENT/BENTONITE
§5LURR‘ ViA TREMIE PIPE. WELL CAPPED, VENTED
OTCHED AND COVERED WITH A CAST IRON STAND-
PIPE.
L
gAVBLE® TYPE ACRING ML THOD
.S DRivEl: SPLIT $P200Y CC-CONLTINUOUS CORNEA HSA « HOLLOW STEM ALGERS AR-NR ROTARY
T PRIEIT™ SupLBs THBT  C3-CALBORNIA BAMPLER CFA - CONTINUDUS TLIGHT AUGERS  RW-ROTARY Watw
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FRENCH LIMITED
CROSBY, TX

ERT-9 0ESSRYATION

EFT-2 FUMFED

DATE: S/ 205784

STATIC WATER LEVEL: .64 FEET

FUMFING RAIE: 12.70 GFM = 17,712 GFD
GISTANCE 70 IBSERVATION FOINT: 11.50 FEET
TOTAL DEFTH OF WELL: 47.95 FEET

ACUIFER THICINESS: 42.95 - 6.64 = 77.21 FEET

Time Since Time Since Depth
Fumping Fumping to Corrected
Started,t Stopped, t Watar Drawdown Drawdown, s’
tminutes (minutes) (feet) (feet) (teat) Conments
.8 6.75 0,11 | S ogal-sl4.4 s=c
A AL 80 tU.lo Dl
- B b w. 1 u, -1
vw L9 o [ IR U e
L.t ] wa ol WS |
e 2. RN e o V3oL
4.7 TL.05 .l Uudl
4o 7alu Gy hin 1. e
o rul3 0.5l v A
Jad 3 LRAlD] V.S Ve 35
. TS W ol L. ool
.- . o1 U, 33 L. Y
2 4 PR W e 70
a. ' 7.40 e 702 W7
K 7.43 0.81 0.8u
TG 759 .36 0. 89
HB.a7 Fuinp O++
.08 0. 42 7«60 wa?6 Q.99
Lo, 50 1.8% 7 .64 1.00 0,99
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Curve matching - English units

~ Site | FRENCH
Pumping wel]l : ERT-2
Ohsepv, well | ERT-3
Pumping rate ; 1.771E+84

Match point

drawdown | 1.072E+00
Transmissiv,. 1.316E+03
Storativity | 1.096E-02

F2-)Mot Theis

F3-)Plot data Fd-)Match F3-)1,§ F6-)Print F7-)End
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Frogram THCVFIT Version 1.0 IGWMC Indianapolis - Del+ft

e e e e 0 . rers T o o i it St TS i S o= ot St A e (i S e s P S Sy o e RS e P o L pefe et ) buby S Sovs PP R SO S S S et St it PR oA} St S S M8 S 83 T ko Pee s Y Y 858 Fom e it e e S e

INITIAL DATA:

Site name: FRENCH
Name of pumping well: ERT-2
Mame of observation well: ERT-S

Constant pumping ratBeececssnsevensnsaad = 17712 gal/day
Fadial distence to ocbservation well...R = 11.9 ft
Matchpolint drawdoWwn. s cascsnnsasaearese3A = 1,071519 +t
Numbet of response palrS...c.scasa«..NUM = 19
RUUIFEA~TZIST TIME-DRAWDOWMN DATA
# fime {(min) Di-awdown (+1 # Time (mirm: D awcowr - -
M AP (DI | 2 2040 ‘ =
- i = u, 21 4 S R Caws
pu M IRIR ) M = Vel oz
- 4,17 v, 41 =] d g b
= 4.3 L5l 10 .13 O
11 S.57 Daol 1. Ga. 0. e
1.0 ST e 70 14 &2t v, TR
1z TS WL RO la TLwh -
[ Y0 (W] 1143 Jrre S \ -

CALCULATED FARAMETERS

frensmissivity TRANS = 1.7161E+uTgal /day/+t
Storage coefficient STOR = 1.0900E-02

s s o s S T 1 S o e P i e e i S ST o S — o S o Ao i T S o St B} o A Fhr It Y TS S . 2 S ot s do o fopm o e ey o ey g Ao M S ot e e e e e
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 25, 1988
PUMPED WELL ERT-3
OBSERVATION WELLS ERT-6, radial distance 10 5 feet

CCNTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lichologic and completion logs and an illustration of the location of wells
ERT-2 and ERT-5 precede the aquifer test data which follow Prior to
purging the pumped well, ERT-3, the depth to static water level below the
top of casing in the observation well, ERT-6, was measured using an
electronic well sounder with accuracy to Ol feet The well was purged
with a submersible pump and water level measurements were taken with the
electric sounder about 3 times per minute starting at 2 22 minutes into the
purging operation until pumping was stopped after 5 65 minutes Recovery
measurements were taken for an additional four minutes Because of the
short duration of the test, only one flow measurements was taken at the
beginning of the test with a five-gallon bucket and stop watch which showed
the pumping rate to be 12 5 gpm

The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s’ = s-52/2Ho

where s' = adjusted drawdown
s = measured drawdown and
Ho = initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns

Water produced from the test was dumped directly into the French Limited
Lagoon.

INTERPRETATION

The observation well, ERT-6, located 10 5 feet from the pumped well, ERT-3,
showed a response to pumping that could be matched with a Theis curve using
the nonproprietary IGWMC program THCVFIT (van der Heijde, 1987) for aquifer
tests in which drawdown data were recorded at an observation well at a
distance r from the pumped well The program is based upon the Theis
curve matching technique. The program allows the user to interactively
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match a log-log plot of drawdown versus time to a Theis curve The program
calculates the match point, the transmissivity and the storage coefficient
given the constant pumping rate and the radial distance between the pumped
well and the observation well Assuming that the one pumping rate
measurement is representative of the average rate during well purging, the
resulting transmissivity estimate was 1015 gpd/ft and the average
hydraulic conductivity was determined to be 1 6x10°~ cm/sec and the
storage coefficient was determined to be 0 014 The results of this
analysis are attached

The results of the test are considered questionable because of the variable
pumping rate and the lack of recovery measurements which would have been
less sensitive to pumping rate fluctuations The u parameter value at the
radius of the observation wells at the end of pumping was 0 72, which 1is
much too large to permit satisfactory application of the semi-log
techniques such as that of Birsoy and Summers
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FRENCH LIMITED
CROSEY, TX

ERT—o OB3ERVATION

ERT-T FUMFED

DATE: 5/,25,8&

STATIC WATER LEVEL: 6.57 FEET

FUMFPIMG RATE: 12.50 GPM = 18,000 GFD
DISTANCE 7O OBRSERVATION FOINT: 10.50 FEET
"0Twl DEFTH OF WELL: 41.65 FEET

ANLITFER THICENESS: 41.65 — 6.5% = 25.12 FEET

Fime Si1-ce Time Since Depth

Fumping Fumping to Lorrecterd

Started,t Stopped, t° Water Drawdawn Drawdown, s’

_fminutes, (minutes) {fteat) (feet) tfeek) —omments
2,24 b, 00 .07 Q.07 Z aal 24 ==z
- N b.bHT w.1z2 waell
S Lus S0 0.17 v, 17
.03 .75 v.22 Ww.le
PR &L 80 A .
sboug &.135 v, I2 W ol
4,47 &L 0 L v, %
T a.95 (I a4
R Y (N G,dl
I 7L.0E wa 3l .5 L
iz FLang L
T Je o 1o LSy vagl
m. o (IT 7.19 3.a0 U.hl
T L. 1lo 7.20 Uo7 Ua 3
o) 1.67 7.25 .72 0. /1
3.55 2.90 7.30 .77 .76
Q.80 4.15 7. 30 Q.77 V.76
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Curve matching - English units

~ Site
Pumping well
Ohsery, well

Match point

11 : ERT-6
Punping rate |

dpawdown |
Tpansmissiv.
Storativity |

» FRENCH
, ERT-3

1.800E+@4
1,413E+00

1. 015E+83
1,395E-02

F2-)Plot Theis F3-)Plot data F4-IMateh F5-)1,§ F6-)Print F7-)End
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Frogram THCVFIT Version 1.0 IGWMC Indianapolis - Del+ft

INITIAL DATA:

Site name: FRENCH
Name of pumping well: ERT-T
Name mnt obhservation well: ERT-6

Constant pumping rat@.icaceesssassesae00 = 18000 gal/day
Radisl distence to observation well...R = 10.5 ft
Matchpoint drawdoWwne.sceasssesassaeaa0n = 1.412578 ft
Number of response pPalrS..asrssas- MU = 16

ALULIFZR-TEST [IME-DRAWDOWN DATA

H Time 'tmin) Drawdown (ft) # Time (miny Drrowdowrnt——
L .22 Qs o 2.6 1=
. Y .17 4 T Y
3 W75 Ve o/ I 4,07 (P
4.47 W 7 ) 4.7 L.dl
? G130 (W 1o .4 52
1 S B7 1,907 i Bt el
L 2. 75 4. 00 L4 JoT2 ol
[ = 0, 76 - 9. bu v,z

CRLCULATED FPARAMETERS

1.01460E+07gal /dayrs £t
1.2946E-02

[ramnsmissivity TRANS
Storage coefticient STOR
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 24, 1988
PUMPED WELL ERT-7
OBSERVATION WELLS ERT-7

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of well
ERT-7 precede the aquifer test data which follow Prior to purging well
ERT-7, the depth to static water level below the top of casing was measured
using an electronic well sounder with accuracy to 01 feet The well was
purged with a submersible pump and water level measurements were taken with
the electric sounder about three times per minute starting at 2 67 minutes
inzo the test until pumping was stopped after 9 63 minutes Recovery
measurements were taken for almost 90 minutes following the test  Because
of the short duration of the test, only one flow measurements was taken at
the beginning of the test with a five-gallon bucket and stop watch

The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s’ = s—52/2Ho

where s’ adjusted drawdown
s measured drawdown and
Ho = initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test

Water produced from the test was dumped directly into the French Limited
Lagoon

INTERPRETATION

The adjusted drawdown data from the pumped well were analyzed using the
nonproprietary pump test program JACOBFIT (Beljin, 1£f986) available from
the International Ground Water Modeling Center The program is based on
the Cooper and Jacob (1946) approximation of the Theis equation The
technique is appropriate for analyses of aquifer tests in which the
dimensionless parameter u = r“S/4Tt is less than 0 0l
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where r is the radial distance between the pumped well
and observation well (feet),

S is the storage coefficiens (unitless)

T is the transmissivity (ft“/day), and

t is the time since pumping started (days)

The parameter "u" 1is less than 0 01 when the radial distance to the
observation well is small or when the time of pumping is 1long The
solution involves fitting a straight line to a plot of adjusted drawdown on
an arithmetic scale against the time since pumping started on a log scale
The change in drawdown over one log cycle of time is used to calculate
transmissivity The JACOBFIT program allows the user to 1interactively
specify which data are to be used in fitting the straight line A second
program, RECOVERY (Beljin, 1987), based upon the Theis (1935) recovery
method was used to analyze the recovery data

Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the resulting transmissivity estimate was
963 gpd/ft. using the drawdown data and 1878 gpd/ft using the recovery
data The average hydraulic conductivity was determined to be 1 6x1073
cm/sec and 3 2x10°° cm/sec respectively for the drawdown and recovery
results The storage coefficient could not be determined from the single
well test The results of these analyses are attached

The results of the test are considered questionable because of the variable
pumping rate  However the estimates using the recovery data are thought to
be more reliable because the recovery response is less sensitive to pumping
rate fluctuations  Furthermore, well bore storage effects were significant
for nearly the entire pumping interval of 9 63 minutes The time when well
bore effects were no longer significant was calculated using the method of
Schafer (1978) described in section B-2 1 above and shown below

t. = 0 6(16-1)/(12 61/12 26*) = 8 75 minutes
* drawdown at 8 8 minutes into the test

Consequently, the drawdown data for the first 8 8 minutes should not be
used for interpretation Likewise, the first 8 8 minutes of the recovery
data should not be used If the pumping rate declined during purging from
the initial measured value as expected, then the actual transmissivity 1is
probably somewhat lower than the value of 1878 gpd/ft calculated from the
recovery results.
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SEE INSET"A"

ERT-5
ERT-2 ERT- REI-6
ERT-7A RE"e9 @
MR-3 MR 49
ERT-23 -
ERT-22¢ REI-Il .ERT-ZI

PUMPED WELL
@ OBSERVATION WELL

A\ CONTROL WELL , N
@ TEST LOCATION 7
W
2\
\ (o] 100 200 400
Q “‘190

FEET

"
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ERT.

A RESOURCE ENGINEERING COMPANY
SUBSURFACE EXPLORATION

Sheet 10f 1

LITHOGRAPHIC LOG OF ERT-7

Cllent French LTD

Propct Nome French LTD

Proect Locotion Crosby Texas

Job Number  275-21 Boring No  ERT=7
Logged 3y D Morgon

Approvet By G Spradley

Drilled By Guif Coast Coring

DRILLING AND SAMPUNG INFORMATION
Dote Started 9/28/87 Dote Completed 9/28/87

Nethod MR Total Depth 48
WELL COMPLETION INFORMATION
Screen Dia  #° Langth 280
Slot Size 010 Type PVC
Casing Dl 4° Length 177

2 foren = o é _
EE DESCRIPTION =¥ gg Z 22| el 35 Sy
5 z |ZXIE8 T 28] |5 5 |5¢
| SURFACE ELEVATION 2|7 B2 7] |53
'j Fill, roocbese, grovel, sand, sit
3 Sity Sord, ton to brown/ gray, fine to medium g-oned 1]ST|80) - ¢ A
5 = some bicck sludge moteral 2 |sslsolo4 ///‘ﬁ 1 .
/]
3 3 |ss|sof02 ///
3 L /A
3 4 |ss|aslo2 ///
103 - //j §
: 5 |ss|25{02] ¥ /g )
I/, \ .
?1 6 |SS{50{06: /-
15 = 7 |SS|50|0¢ /// =
g Ssro fine to medum graoined, gray, si-ong odor B8 iss|13 0'4l |
no 2 9 [ss|nR = ‘
e 10[ss[17] - 3
4 Z2
3 11(SS|45| - =
— I
28 = 12 |SS; 25} - -] -
3 z
= 13|SS(25( - =-
2 S v Cigy gray w.th some rea/brown mottles stift 14|s5|50] - 2% Eg
N 2 with e fi rained sond
vOj with so™M e grained so seams A |z J
3 some oocr 15|s71758! - -
B 16 {ST|50] - :
35_,§ Cisyey Si*, hight groy, soft, saturoted 171s7]|75] - 7/7’- é _]
3 some ocor 19|STINR 7 :
-4 -
%0 3 20|ST|75| - % :
3 » 21(s5/50] - //2 5
3 A 1=
i 22[ss|es5] - 1722 :
455 23{ST|50]| - A -
;]' Su y Cloy, light gray, stiff, some tan mottles, no odar 24|sTlg4] -
50—3‘ BORING TERMINATED AT 480’ N
55-3 s
3
J
-l
3

SaWEIER TVRE

§§ - DR\VeN SPUIT SPOON
ST - PSZS50 SHELBY TUEBL

BORING METHA™

HSA = HOLLOW STEM AUCER
CFA — CONTINUOUS FUGHT AUGERS D = MUD DRILLNG

[C — DRIVING CASING
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FRENCH LIMITED
CrROSBY, TX
WELL ERT-7

DATE: 5/24/88

STATIC WATER LEVEL: 4.24 FEET

PUMPING RATE: 12.461 GPM

DISTANCE TO OBSERVATION POINT: 1 FOOT

TOTAL DEPTH OF WELL: 43.25 FEET (SOUNDED)
ARUIFER THICKNESS: 43.25 - 4.24 = 39.01 FEET

Time Since Time Since Depth

Pumping Pumping to Corrected
Started,t Stopped, t° Water Drawdown Drawdown, s’
{minutes) {minutes) (feet) (feet) {feet) Comments
2.67 14,00 9.76 8.324 .9 gal/13.8 sec
2.83 14.30 10.06 8.76
3.42 14,50 10.26 8.91
3.98 14,60 10.36 8.98
3.79 14,70 10.46 2.06
F.92 14.80 10.56 ?.13
4,10 14,90 10.66 .20
4,35 15.00 10.76 ?.28
4,57 15.10 10.8B6 @.35
4.73 15.20 10.96 .42
5.00 15.30 11.06 ?.49
5.20 15.40 11.146 ?.56
S.48 15.80 11.26 .63
5.75 15. 60 11.36 ?.71
6.03 15.70 11.46 ?.78
6.33 15.80 11.56 ?.85
6.60 15.90 11i.66 ?.92
6.95 _ 16.00 11.76 .99
7.25 16.10 11.86 10.06
7.67 16.20 11.96 10.13
8.05 16.30 12.06 10.20
8.45 16.40 12.16 10.26
8.80 16.30 12.26 10.33
2.195 16.60 12.36 10.40
.63 Pump OF+
11.82 2.18 6.40 2.16 2.10
12,20 2.57 6.00 1.76 1.72
12.45 2.82 5.80 1.56 1.53
12.97 3.33 9.50 1.26 1.24
14,37 4.73 9.10 0.856 0.85
14.98 9.35 9.00 0.76 0.75
15.83 &.20 4,90 0.466 0.65
17.00 7.37 4.80 0.56 0.56
18.47 ?.03 4.70 0.446 0.44
21.10 11.47 4.65 0.41 0.41
24.25 86.62 4.26 0.02 0.02
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B 366 K I I I W 9063 W W A Fe W I W W H I I I KW NI W 6 I I I e W I

program: JacobFit

version:

FORM OF THEIS EGUATION

* Kk ok Kk k ¥k %k

IBM PC 1.

0

A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S
AND LEAST SEUARES® METHOD.

¥ %k % %k %k %k %k

I I I e 6 6 3 W He 6 I e H N W e N W W I3 W Fe WA I I W W W6 W I W NN W

PRDJECTIIIIIIIII

FRENCH LIMITED

LOCATION. e« s« = CROSBY, TX

WELL...cananeass = ERT=7

DATE. v aasnsnsees = 5/25/688

STATIC WATER LEVEL S.W.L. = 4.24 [ft]

DISCHARGE RATE. et sacusannsss = 12.61 [gpml

DISTANCE OF OBSERVATION POINT = 1 [ft1

NO TIME [minl DRAWDOWN C[ft1] u DEVIATION
1 2.67 8.540 » QOOE+00 +. QOOE+QQ
2 2.83 8.760 « ODDE+OO +. OOOE+QO
3 3. 42 B8.910 « 147E-02 ~.119E-01
4 3.58 8.980 « 140E-02 -. l105E-01
=1 3.79 7.060 » 134E-02 ~.858E~04
& 3.92 ?.130 » 128E-02 +.339E-02
7 4.10 9.200 « 123E-02 +. 603E-02
8 4.35 7.280 « 115E-02 - 279E-02
g 4.57 ?.350 « 110E-Q2 —.681E-02
10 4.75 7.420 « 106E-02 +.922E-02
11 S.00 ?.470 « 100E-02 -« 174E-02
12 35.20 ?.960 » P66E-03 +.941E-02
13 S.48 ?.630 « ?17E-03 +.713E-03
14 S.75 ?.710 «874E-03 +.855E-02
iS 65.03 ?.780 « 833E-03 +.721E-02
16 &6.33 ?.850 « 794E-03 +.435E-02
17 6. 60 F.920 « 761E-03Z +.117E-01
18 6.95 ?.990 « 723E-03 +.415E-02
19 7.25 10.060 « 693E-03 +.107E-01

20 7.67 10.130 « b5SE-03 - I76E-0Q2

21 8.05 10.200 « 624E-03 —. 632E-02

22 8.45 10.260 « IP4E-03 -. 171E-01

23 8.80 10.330 + S71E-03 -. 998E-02

24 7.15 10.400 « S49E-03 +. 150E-02

TRANSMISSIVITY T
T
STORATIVITY S

« 180E-02

DATA SEGMENT ANALYZED :
-~ gtarting with data pair 3
- ending with data pair 24

.149E-02 [ft2/s]
963 [gpd/ftl

DETERMINATION COEFFICENT = .9976088

W3 6 3 W W W I W W W I I e 6 I W I I I I N K W T e NN
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T I 3 3 3 36 36 3 6362 I I W I I e I WK I W W I AT T I I T W He K H T W I

program: Recovery

version:

* %k k k ok k k

IBM PC 1.

0

A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S
FORM OF THEIS EQUATION AND LEAST SEUARES® METHOD.

* ok Kk K ok ok X

JE 36 I 3 3 3 I I 6 I H W He I I KKK KK I T I I I I I I I I T K I I I I K e X

PROJECT.saaansas

LOCATION........ = CROSBY, TX
WELL...--------- =ERT—7
DATE.IIIII---III =5/25/BB
STATIC WATER LEVEL S.W.L.

DISCHARGE RATEIIIIIIIIIIIIIII
DURATION OF PUMPING PERIOD...

FRENCH LIMITED

4.24 [ft]

12.61 Cgpml

.63 [minl

t/t’

DRAWDOWN s°'Lft]

NO TIME t'Cminl TIME t Cminl
1 2.18 11.81
2 2.97 12.20
3 2.82 12.45
4 3.33 12.96
S 4.73 14.36
& 5.35 14.98
7 6.20 15.83
a8 7.37 17.00
9 ?.03 18.66

10 11.47 21.10

i1 B6. 62 4. 25

TRANSMISSIVITY T
T

DATA SEGMENT ANALYZED :
- starting with data pair 6
- ending with data pair 11

DETERMINATION COEFFICENT =

S.42
4.75
4.41
3.89
3.04
2.80
2.55
2.351
2.07
1.84
1.11

.291E-02 [ft2/s]
1878 C[gpd/ft3

« 7939948

2.100
1.720
1.530
1.240
0.850
0.730
0.650
0.960
0,460
0.410
0.020

U F 3 W e He N H 6 30 I e e e e W I I 6 I I W HeH W I NN HeFe K WX
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DEVIATION
+. 0O00E+00
+. QOOE+0O
+. 000E+0O0
+. QOOE+0O0
+.44Z2E-01
+.26FE-01
~. 206E-07Z
~. 139E-01
- 293E-01
+.102E-01
+.812E-02
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST- May 26, 1988
PUMPED WELL ERT-8
OBSERVATION WELLS ERT-7, radial distance 8 95 feet

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an 1llustration of the location of wells
ERT-8 and ERT-7 precede the aquifer test data which follow Prior to
purging well ERT-8, the depth to static water level below the top of casing
in observation well, ERT-7, was measured using an electronic well sounder
with accuracy to 01 feet The well was purged with a submersible pump and
water level measurements were taken with the electric sounder one to three
times per minute starting at 3 33 minutes into the purging operation until
pumping was stopped after 9 6 minutes Recovery measurements were taken
for an additional four minutes Because of the short duration of the test,
only one flow measurement was taken near the beginning of the test using a
five-gallon bucket and stop watch which showed the pumping rate to be 12 66

gpm

The drawdown values were corrected using the following correction developed
by Jacob (1963) to allow the solutions for confined aquifers to better
apply to unconfined conditions

s’ = s-52/2Ho

where s' = adjusted drawdown
s = measured drawdown and
Ho = initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns
Water levels in the pumped well were not measured during this test

Water produced from the test was dumped directly into the French Limited
Lagoon

INTERPRETATION

The observation well, ERT-7, located 8 95 feet from the pumped well, ERT-8,
showed a response to pumping that could be matched with a Theis curve using
the nonproprietary IGWMC program THCVFIT (van der Heijde, 1987) for aquifer
tests in which drawdown data were recorded at an observation well at a
distance r from the pumped well. The program is based upon the Theis
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curve matching technique The program allows the user to interactively
match a log-log plot of drawdown versus time to a Theis curve The program
calculates the match point, the transmissivity and the storage coefficient
given the constant pumping rate and the radial distance between the pumped
well and the observation well

Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the resulting transmissivity estimate was
2197 gpd/ft and the average hydraulic conductivity was determined to be
3 7x10°° cm/sec. and the storage coefficient was determined to be 0 022
The results of this analysis are attached

The results of the test are considered questionable because of the variable
pumping rate and the lack of recovery measurements which would have been
less sensitive to pumping rate fluctuations The u parameter value at the
radius of the observation wells at the end of pumping was 0 22, which 1is
much too large to permit satisfactory application of the semi-log
techniques such as that of Birsoy and Summers
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PUMPED WELL

(@ OBSERVATION WELL
A\ CONTROL WELL
@ TEST LOCATION

SEE INSET"A"
ERT-5
ERT-2
GW-9 3
FG4
MR-3  MR-4¢g i
\\//
_03 -
o ERT 22@ REI~1 ERT-2I

FRENCH

LimiTed Lacoon~SV()

MIVERDALE

ABANDONED
HARRIS CO.
LANDFILL
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N
.'
-~
0 o0 200 400
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FRENCH LIMITED TASKGROUP,INC

FRENCH LIMITED SITE
CROSBY, TEXAS

LOCATION MAP

WELL TEST ERT-8
5/26/88

PROJECT NUMBER 26

DATE |REV DRAWNICHECK. |APPROV
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ERT.

A RESOURCE ENGINEERING COMPANY
SUBSURFACE EXPLORATION

Sheet tof 1

LITHOGRAPHIC LOG OF ERT-8

DRILLING AND SAMPLING INFORMATION

Client  French LTD ,
Projc* Name French LTD Dote Started 8/28/87 Daote Completed 9/28/87
Propect Location Crosby, Texas Method MR Total Depth 50
Job Number  275-21 Boring No  ert—8 WELL COMPLETION INFORMATION
Loggec By D Morgon Scresr Dic 4 Length 295
Approved By G Spradley Slot S'ze 010 Type PVvC
Driled By Gulf Coast Coring Casing Dla  4° Length 196
o P =] =
=t RIPTION ol = [ R P B = T o
£ DESC wgESS $ B2 [F8 24 |53
2z g IEFEE 2 P8 I8 PE -
SURFACE ELEVATION s &S| £ =
1 Ful, roadbase, grovel, sit, sand ¢
31 Sity Sand, gray f/ ,
® Zzan
E 7
10 5 ,// ; =
5 2K
. t/
3 s
15-—3' /// 4
2%
3 %
%
20 = (Zi 1
3 Sena, fne to medium graned 23
3 =
~t -4
25_% =
3 Cuayey Sit, gray, some odor 7‘ -3
203 ;7 3 A
: &
: Zh=
3 V 23
3¢ 3 /_é 23 A
: /Q‘/ =
3 % =
403 ] | |
E é -
45 3 . é -3 |
3 Sity Ciay, hght gray, some tan mottles 1/SS[%0) - _E_;
50 4 -
J Stratigraphic breckhs determmed by advance of boring, cuttings,
3
J and information obtained from odjocent well ERT-7
55 = -
3
-
3

_5~wPLER TYPE
S5 — DPI.EN SPLIT SPOON
ST - PRESSED SHELBY TUBE

HSA — HOLLOW STEM AUGER

B-63

CFA — CONTINUOUS FLIGHT AUGERS

BOR NG METHOD

DC — DRIVING CASING
MD = MUD DRILLING
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ERT.

A RESOURCE ENGINEERING COMPANY
SUBSURFACE EXPLORATION

Sheet 10of 1

LITHOGRAPHIC LOG OF ERT-7

DRILLING AND SAMPLUING INFORMATION

Cllont French LTD
Promct Nome French LTD Date Storted 9/28/87 Date Completed 9/28/87
Propct Location Crosby, Texas Method MR Total Depth 48
Job Number 275-1 Boring No ERT-7 WELL COMPLETION INFORMATION
Logged By D Morgon Screen Dia  4° Length 28¢C
Approved By G Spradley Slot Size 010 Type PVC
Driled By Gulf Coost Coring Caosing Dia 4° Length 177
=] >~ E
= DESCRIPTION : u 5% 2 >s %u e o
o L&2ol > BS Lol w Ea
EE § =~ Bx - @8 s- 22 |35
| SURFACE ELEVATION 2" |&% 2 ° | 8
il roocbaose, grovel, sand, st A
1 ¢
- 1 (ST|80] - C ‘
Suty Sand, ton to brown/ groy, fine to medium graned A
5 some bleck sludge material 2 Iss|s0!04 K/ﬁ 2.
/]
3 [ss|soo2 (/Sf
%
o 4 |SS|45](02 /}H
| L /4 -
5 |Ss{25(0¢2 //E 5
3 A~
3 6 |SS|50|06 /.
)/
153 7 |SS|50)08 /- .
] Scmo, 7r~ to medium granec, grgy, strong odor 5 sS[13 04(

3 9 [SS{NR] | =
20— e
i 10|Ss{17] - | =
3 11ss|es] - | 3

+ :
cc g 12/ssias| - 1 | 33| A
= z
3 13{ss|25] -+ | §§ !
3 S .y Cec, gray wih some rec/brown motties stirt 14|ss!s0] - | E%
30— wth some fine groined sond seams =3 -
3 sore ogzr 151STI75( - 53
] 16 [ST|50] - :
35 C'ayey S, hght gray, sott, saturated 17(S8T|75| - E .
d same oco- 159 ISTINR §
3 20(ST|75] - -
404 - .
] 21{SS|50]| - -
] 22|Ss|65| - E
45— 23|ST|50]| - SRR
3 Suty Cloy, light groy, stif, some tan mottles, no odor 24lsTl84]| -
502 BORING TERMINATED AT 480’ -
55 - -
.

SaWe_£R TvRE
S5 - DPIVE!_SPLIT SPOON
ST - PRISSED SHELBY TUBE

H5A — HOLLOW STEM AUCER

B-64
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ERT-7 OBSERVATION
ERT-8 PUMFED

DATE: S5/2&4/88
STATIC WATER LEVEL:
PUMFPING RATE:

12.646 GPM

4,80 FEET.
18,23

DISTANCE TO OBSERVATION FOINT:

TOTAL DEPTH OF WELL:

43.23 FEET

FRENCH LIMITED
CROSBY, TX

WAS 4.24 FEET PRIDR TO FUMPING YESTERDAY.
0.4 GFD
8.95 FEET

ARUIFER THICKNESS: 43.25 - 4.80 = 38.45 FEET

Time Since Time Since Depth

Fumping FPumping to Corrected

Started,t Stopped, t° Water Drawdown Drawdown, s’

(minutes) {minutes) {feet) (feet) (feet) Comments
3.33 4,94 0.14 0.14 S gal/23.7 sec
.58 5.00 Q.20 0.20
4.12 35.10 0,30 0,30
4,42 S5.13 0.33 0.35
4.70 5.20 0.40 0.40
9.23 5.29 0.43 0.45
S5.78 5.30 0.50 0.50
6.40 S5.39 0.55 0.55
8.13 S5.45 0,43 0.64
7.52 5.50 0,70 0.69
?.60 Fump Of+
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Curve matching - ﬁglish units

j Tpansmissiv, .
Stovativity |

;fgﬂﬂ fite .

/0 Pumping well |

Q Ohser, well |
Pumping rate
Match point

/ drawdown |

ERT-7
1.823E+04

b.6B7E-01
2,197E+83
2,239E-02

F2-)Plot Theis F3-)Plot data F4-)Match F5-)1,§8 Fé-)Print F7-)End
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Program THCVFIT Version 1.0 IGWMC Indianapolis — Delft

INITIAL DATA:

Site name: FRENCH
Name of pumping well: ERT-8
Name of observation well: ERT-7

Constant pumping rat@.cissnsacscssed = 18230 gal/day

Radial distance to observation well...R = 8.95 ft

Matchpoint drawdown.cssiseeeaassaaSA = 6606935 ft

Number of response pairsS...scseses...NUM = 10

ARUIFER-TEST TIME-DRAWDOWN DATA
# Time (min) Drawdown (ft) # Time (min) Drawdaown (£t
1 3.33 0.14 2 3.58 0.20
3 4.12 0.30 4 4.42 0.35
S 4,70 0.40 b D3.23 Q.43
7 5.78 0.30 8 6.40 0.55
? 8.13 0.44 10 2.52 0.4%

CALCULATED PARAMETERS

2.1968E+03gal /day/+t
2.2385E-02

Transmissivity TRANS
Storage coefficient STOR
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 25, 1988
PUMPED WELL: ERT-9
OBSERVATION WELLS ERT-10, radial distance 9 0 feet

CONTROL WELLS mnone

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of wells
ERT-9 and ERT-10 precede the aquifer test data which follow Prior to
purging well ert-9, the depth to static water level below the top of casing
in observation well ERT-10 was measured using an electronic well sounder
with accuracy to 0l feet The well was purged with a submersible pump and
water level measurements were taken with the electric sounder periodically
during the purging operation The well bore in well ERT-9 was purged
nearly dry after 1 33 minutes of pumping, in that period, one flow
measurement of 12 66 gpm was taken via a five-gallon bucket and stop watch

The pump was stopped and the well allowed to recover for nine or ten
minutes before the well bore was purged again This continued until the
well bore was purged three times A weilghted mean pumping rate of 3 22 gpm
was estimated from the times the pump was operating assuming the pump rate
was 12 66 gpm while the pump was operating Obviously, the pumping rate
varied considerably during the purging operation and the average pumping
rate 1s a crude estimate at best Recovery measurements were taken for
only three minutes

The drawdown values were corrected using the following correction developed
by Jacob (1963) to allow the solutions for confined aquifers to better
apply to unconfined conditions

s' = s-sz/ZHo
where s’ = adjusted drawdown

s = measured drawdown and
Ho = initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns
Water levels in the pumped well were not measured during this test

Water produced from the test was dumped directly into the French Limited
Lagoon.
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INTERPRETATION

The observation well ERT-10 was located nine feet from the pumped well
The attempt to match the response to pumping with a Theis curve using the
nonproprietary IGWMC program THCVFIT (van der Heijde, 1987) is attached
The fit is not good as might be expected with the variable pumping rate

The results presented for this test are not considered representative
because of the poor fit to the Theis curve and the variable pumping rate
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L AGOON MARGIN

T E ERT-4A
ERT- ERT-I .ERT"]OA
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ERT

A RESOURCE ENGINEERING COMPANY

Sheet L of _1_

BORING LOG AND CONSTRUCTION
OF ERT-9

Client ARCO Chemicil Company DRILLING AND SAMPLING INFORMATION
Project Name French Limited Site Date Staried 11-15-87 Data Completed 11-15-R7
Project Location _Lrosby, Texas Method _ Mud Rotary Total Depth 54 T feet
Job No 275-13-01 Boring No __ER1-9 WELL COMPLETION INFORMATION
Logged By Steve Preston Screen Dia 4-inch § Length 30 0 fect
Appraoved By Slot Size ~2nc Type P\C
Drilled By 151, lnc Driliar 8 Name___R _Preston Casing Dia 4-inch @ Length 22 0 feet
[-4
w x w 0 > z
o ez Bzt~ E ER Q v
Tw Lo B w3 2 >12s)| 40 x
W DESCRIPTION w w 2|xof o AR E
Lu o 4 |w_|ues o 31 sl w g 3
oz 3 S eS| = wilzgel 3 juw
z < 3 |s swsl % e [2= g 1lc
SURFACE ELIVATION « a g wo| 2 » o
=0 Road till material (10"
1 CGray fine to medium silty sand
5 3

] - Medium to coarse sand

m

-4
10 —

15—

=

: Y
20— F

3 it

- =

E =
25 - ,::

|3 I
1 - ) -

- '—1

3 po-1
30— =

3 =

3 =
35— -

= -

5 8
w0 =
45— =
3077 (52 5°) ]

-] ¢53.01) E::

-1 = Graw 1ine siley sand

- - Cray silev clay (54 5') 9 ss |sas| - 100 -

—l
55 -]

SAVPLER TYPE
$S DRIVEN SP_IT SPOO! CA - CONTINUOUS FLIGHT AUGER

S™ PRESSED SHE.BY TUBE RC - ROCK CORE

HSA - HOLLOW STEM A'IGERS
CFA - CONTINUOUS FLILHT AUGERS

BOAING METHOD
DC - DRIVING CASING

MD - MUD DRILLING
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BORING LOG AND CONSTRUCTION

A RESOURCE ENGINEERING COMPANY
OF ERT-10
Client ARCO_Chemical Company DRILLING AND SAMPLING INFORMATION
Froject Name French Limited Site Date Startecd 11-14-87 Date Completed 11-14~R7
Project Location __Crosoy, Texas Method Mud Rotary Total Depth___49 5 feet
Job No 27,-23-01 Boring No ERT-10 WELL COMPLETION INFORMATION
Logped By __ Steve Fraston Scraen Dia &-inch @ Length _ 30 O feet
Approved By Slol Size U 010 inch Type L
Drilled By PSi, lnc DrHier s Name___R_ Spencer Casing Dia 4-inch P Length __20 O fecr
-4
w X w_ (L] » z
- g > E = | uw z R EE Qv
Tw " o w3 2 > g3 20 c
Ew DESCRIPTION w w |02|x08) B pISEldw |3
W $ |t laclors & 8 ol 23 |:
-3 < 3 s a I; 2 3 -3 ; = o a
SUIFACE ELEVATION L] 5 |3 &= 3 ” 38
— 9 "IFoad 1.1 macerial o)
T1crav siltv medium to fine sand
pu
53
3
=
0 -
15 il
3 Y
Z e X
- =
101 —
= ]
: =
MR By
3 ]
0 —] -4
3 b
3 (33 0°)
=] Gra fine to medinm sandv silt with clay lenses 10 - 35 - 100 [3- 2
- L]
I 35— (35 0" =
= 5
.- =
! -
~1 - Gray coarse sand and gravel I _:
50__: )] 8 ‘ t_-
= ' =
- ‘ 3
= =
45 ] H
= ' 48
= I iy
= | El
= | —
50 ] |
- (52 0)
- |
3 i
55 ] .
E %
L i |

CAMPLER TYPE !

S$ DRIVEN SPLIT SPOCON CA - CONTINUOUS FLIGHT AUGER
PRESSED SHELBY TUBE RC - ROCK CORE

51

BORING METHOD

HSA - HOLLOW STEM AUQERS DC - DRIVING CASING
CFA - CONTINUOUS F.IGHT AUGERS MD - MUD DRILLING
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FRENCH LIMITED
CROSBY, TX

ERT-10 OBSERVATION

ERT-9 FUMPED

DATE: S5/25/88

STATIC WATER LEVEL: S5.35 FEET

PUMPING RATE: 3.22 GPM = 4636.8 GPFD (WEIGHTED MEAN)
DISTANCE TO OBSERVATION POINT: 9.00 FEET

TOTAL DEPTH OF WELL: 48.10 FEET

ARUIFER THICKNESS: 4B.10 - 5.35 = 42.75 FEET

Time Since Time Since Depth

Pumping Pumping to Corrected
Started,t Stopped, t° Water Drawdown Drawdown, s°
(minutes) (minutes) {feet) (feet) {feet) Comments
1.33 Pump O++,
Well Dry
4,25 2.92 5.93 0.60 0.60
2.29 S5.78 0,43 0.43
10.00 Fump On
10.63 S5.75 0.40 0. 40
10.97 5.80 0.43 0.43
11.25 5.85 0.50 0.30
12.03 6.00 0.463 0.65 Pump O++
13.13 6.15 0,80 0.79
13.70 b6.20 0.85 0.84
15.40 6. 20 0.85 0.84
17.28 &£.10 0.73 0.74
21.98 5.87 0.52 0.92
22.42 Pump On
23.02 5.85 0.50 0.50
23.45 5.90 0.55 0.55
23.98 6.00 Q.65 0.65
24,53 6.10 0.75 0.74
25.17 &.20 0.85 0.84
29.55 Pump Of+
25.90 6.30 0.95 0.94
26.35 6.35 1.00 : 0.99
27.25 &.40 1.05 1.04

B-73



7L-€

Curve matching - English units

. #f
f}ig;b S§ite
Pumping well

Ohsery, well . ERI-10
Pumping rate .

Match point
drawdown |
Transmissiv,

Storativity |

» FRENCH
, ERT-9

4,637E+03

F2-)Plot Theis F3-)Plot data Fd4-IMatch F9-)1,§8 Fe-)Print F7-)End
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Frogram THCVFIT Version 1.0 IGWMC Indianapolis — Del+ft

INITIAL DATA:

Site name: FRENCH
Name of pumping well: ERT-9
Name of observation well: ERT-10

Constant pumping rat@.isccscascsssenceas@ = 4636.8 gal/day

Radial distance to observation well...R = 9 ft

Matchpoint drawdown...cecescesssarsaasSA = 95949925 ft

NMumber of response pairsSs..sssecsaseaNUM = 19

ARUIFER-TEST TIME-DRAWDOWN DATA
# Time (min} Drawdown (ft) # Time (min) Drawdown (+t)
1 4,25 0. 40 2 .25 0.43
3 10.463 0.40 4 10.97 0.45
3 11.25 0.50 ) 12.03 Q.65
7 13.13 0.79 8 13.70 0.84
9 15.40 0.84 10 17.29 0.74
11 21.98 0.52 12 23.02 0.50
13 23.45 0.35 14 23.98 0.63
15 24.53 0.74 16 25.17 0.84
17 25.90 0.94 18 26.35 0.99

CALCULATED PARAMETERS

J3.8657E+02gal /day/+ft
1.0361E-02

Transmissivity TRANS
Storage coefficient STOR
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST: May 24, 1988
PUMPED WELL: ERT-23
OBSERVATION WELLS: ERT-23

CONTROL WELLS: none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of well
ERT-23 precede the aquifer test data which follow Prior to purging the
well, the depth to static water level below the top of casing in the well
was measured using an electronic well sounder with accuracy to 0l feet

The well was purged with a pump and water level measurements were taken
with the electric sounder about one or two times per minute until the
submersible pump was shut off at 8 52 minutes after the start of pumping

Recovery measurements were taken for almost 20 minutes following the test

Because of the short duration of the test, only one flow measurement was
taken near the middle of the test using a five-gallon bucket and stop
watch

The drawdown values were corrected using the following correction developed
by Jacob (1963) to allow the solutions for confined aquifers to better
apply to unconfined conditions

§!' = s-sz/ZHo

where. s’ = adjusted drawdown
s = measured drawdown and
Ho = initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test.

Water produced from the test was pumped into temporary storage containers
and eventually was dumped into the French Limited Lagoon

INTERPRETATION.

Water level measurements were performed only on the pumped well, ERT-23

The adjusted drawdown data from the pumped well were analyzed using the
nonproprietary program JACOBFIT in the PUMPTEST package (Beljin, 1986)
available from the International Ground Water Modeling Center The program
is based on the Cooper and Jacob (1946) approximation of the Theis
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equation., The technique is appropriate for analyses of aquifer tests in
which the dimensionless parameter u = r“S/4Tt is less than 0.01:

where r is the radial distance between the pumped well
and observation well (feet),
S is the storage coefficien§ (unitless)
T is the transmissivity (ft“/day), and
t is the time since pumping started (days).

The parameter "u" is less than 0 01 when the radial distance to the
observation well is small or when the time of pumping is 1long The
solution involves fitting a straight line to a plot of adjusted drawdown on
an arithmetic scale against the time since pumping started on a log scale

The change in drawdown over one log cycle of time is used to calculate
transmissivity The JACOBFIT program allows the user to interactively
specify which data are to be used in fitting the straight line The
recovery data were analyzed using a second IGWMC program called RECOVERY
(Beljin, 1986) based upon the Theis (1935) recovery method. The RECOVERY
program allows the user to Interactively specify which data are to be used
in fitting the straight line.

Assuning that the one pumping rate measurement is representative of the
average rate during well purging, the resulting transmissivity estimate 1is
7133 gpd/ft using the drawdown data and 8420 gpd/ft using the recover

data The average hydraulic conductivity was determined to be 8 4x10°

cm/sec and 9 9x10°° cm/sec. respectively for the drawdown and recovery
results. The storage coefficient could not be determined from the single
well test. The results of this analysis are attached

The results of the test are considered reasonable given the good comparison
between the drawdown and recovery results and the relatively high specific
capacity It is likely that the initial pumping rate is representative of
the entire pumping period because of the limited drawdown in the pumped
well  Well bore storage effects were significant for only the first 1 35
minutes of pumping The time when well bore effects were no longer
significant was calculated using the method of Schafer (1978) described in
section B-2 1 and shown below

t. = 0.6(16-1)/(11.26/1.93%) = 1.35 minutes
* drawdown interpolated at 1 33 minutes into the test
Consequently, the drawdown data for the first 1.35 minutes should not be

used for interpretation. Likewise, the first 1.35 minutes of the recovery
data should not be used.
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PUMPED WELL

(@ OBSERVATION WELL
A\ CconTROL WELL
@® TEST LOCATION
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|
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0 100 200 400
e 99 e ——————
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1000

GULF PUMP RO,

FRENCH LIMITED TASKGROUP,INC

FRENCH LIMITED SITE
CROSBY, TEXAS

LOCATION MAP

WELL TEST ERT-23
5/24/88

PROJECT NUMBER 26

DATE [REV DRAWNICHECK. [APPROV
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na.
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A RESOURCE ENGINEERING COMPANY BORING LOG AND CONSTRUCTION

OF ERT-23
Chenmt ________ APCC Chemjca] Company DRILLING AND SAMPLING INFORMATION
Projecl Name Fracch Limited Sicg Dale 8tarted 12-268-87 Date Compieted 12-28-R7
Projecl Localion _Crosh , Teras Method Mud Rotqry Tolal Depth ___60.0 feck
Job No 275-23-01 Boring No ___ERT-23 WELL COMPLETION INFORMATION
Logged By Steve Preston Screan Dia 4-inch @ Length __40 0 feet
Approved By Slot Size 0 010-1inch Type P\C
Drilled By PS1_ Ine Driller s Name . R__Spencer Casng Dia _4-inch @ = Length 150 fect
[ 4
w z w [ > z
i g : & =t E; ; f, g - Q b
[ 3 - |gsjwa 2 S22z o= H
3 DESCRIPTION w w 2(x0% O o [SE| a9 | «
a g - |w ocs (] ] 2! w s
w F] a 4 Elowrc wloeg| 3 3 w
az < 3 |5 ws g R EE ° 3
SURI ACE ELEVATION “ 13 |3 wo| 2 a | % 0
0 >
2] Dark brown clay, gravel and glass pieces with trash material 1=
3 (Fill material) - R
- -
5 F
e L
= -
= (8 0") . .
5 Dark brown ssndy clay with gravel (L.) - ST € o1 _ - - 1T,
10 (10 0') 10 0
1 Medium dense light gray fine to medi.m sand with occa.sional [‘j x
. grwel (S1) b2 ?'g
3 £l Lﬁ
7
15 — L—_-i
- -7
- _d
- z 18 5 <
o ss oo af - (902 06 ’_jb\*
20 — G___}/
3 (22 0%y -
T} Stitf broan c.ay with occassional giavel (CH) J
' j - sT |22 g 10 - e
.5 —:j
3 - oltee gra nd brown from 29 0' -6 ST 280 :";
_— - 00}30 - 01 =
Z0 -] -
3 (33 0") =
— Stiff grav anc red saltv clay (CL) 330 -
: (36 8') - ST (350 25 - 11 =
B -: Light grav silty fine sand to fine s5.nd (SM-SP) ::1
= =
= - st |38 5] - - - 1]
40 'j 40 0 —
- -
- Gray and red clay layer from 44 0' to 44 2°' )
- st |43 5 =
45— as,ol - - 10
E at 48 o’ &=
~ = l-inch silt layers isom—iBro-—te—5r—gb -
- 48 =
- - ST seo0| _ 12} =
50 =] _'_:1
] =
-—t :—
= $3 o 1 =]
] T-7!1sT - - ' =]
55 -:1 - Red «lav pockets and partings from S5 0' 7 5o '..‘tS)
] (57 0"
=| Very s1iff red and gray clay with si.t pocketa (i)
- 85 —
L - (s0 0"y |J-% |sT sﬁ 2|35 it
SAMPLER TYPE BORING METHOD
$S DRIVEN SPLIT SP00N  CA CONTINUOUS FLIGHT AUGER HSA - HOLLOW STEM AUGERS DC - DRIVING CASING
ST PRESSED SHELDY TUBE RC - ROCK CORE CFA - CONTINUOUS FLIGHT AUGERS  MD - MUD DRILLING
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FRENCH LIMITED
CROSBY, TX
WELL ERT-23

DATE: S/24/88 .

STATIC WATER LEVEL: &.352 FEET

PUMPING RATE: 11.26 GPM

DISTANCE TO OBSERVATION FOINT: 1 FOOT

TOTAL DEPTH OF WELL: 38.76 FEET (SOUNDED)
ARUIFER THICKNEBS: 58.76 - 6.52 = 52.24 FEET

Time Since Time Since Depth

Comments

Sg9/24. 65 sec

Fumping Fumping to Corrected
Started,t Stopped, t° Water Drawdown Drawdown, s°
{minutes) (minutes) (feet) (feet) {feet)
.07 7.0 0.48 0.48
0.45 B.0 1.48 1.46
2.20 8.45 1.93 1.89
2.82 8.50 1.98 1.94
4,13 8.35 2.03 1.99
S9.13 8. 460 2.08 2.04
b.40Q 8.6% 2.13 2.0%9
8.52 Pump O++
?.00 0.48 7.00 0.48 0.48
?.33 0.82 H.90 .33 0.38
10,05 1.53 6.80 0.28 .28
10.67 2.15 b.73 0.23 0.23
11.45 2.93 6.70 0.18 0.18
1%.25 4.73 b. 65 0.13 D.13
16.73 8.22 6.60 0.08 0.08
256.835 18.33 6.55 0.03 0.03
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program: Recovery
version: iIBM PC 1.0

A FROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S
FORM OF THEIS EQUATIOM AND LEAST SGQUARES® METHOD.

* Kk ok k k ¥k X%

3 3 9 5 e F I K I T I I I I K I I I W I W I I W I AW WKW I WK I

PROJECT.aaunuasns FRENCH LIMITED

LOCATIOM.....».. = CROSBY, TX
wELLllllllIlllll =ERT-23
DATE. cscuesaeess = 5/24/88

STATIC WATER LEVEL S.W.l.
DISCHARGE RATE«..ccsasnsnaanss
DURATION OF PUMPING FERIOD...

6.52 L[]
11.26 [gpml
8.520001 Lminl

NO TIME t'Cminl TIME t Lminl t/t’ DRAWDOWN s Lft1]

1 0.48 9.00 18.75 0.480
2 0.82 .34 11.39 0,380
3 1.53 10.05 b.57 Q. 280
4 2.15 10.67 4,964 0,230
S 2.93 11.45 3.91 0,180
& 4.73 13.29 2.80 0.130
7 8.22 16.74 2.04 0. 080
8 18.3%3 26.85 1.46 0.030
TRANSMISSIVITY T = ,130E-01 [+t2/s]
T = 8420 Lgpd/+t]

DATA SEGMENT ANALYZED 3

- starting with data pair S

- ending with data pair 8
DETERMINATION COEFFICENT = ,9999377

% 36 3 3 A e e W W e F e 2 I B WK N FeH NN A I AR WK KR
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DEVIATION

+ . OQOE+OO
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+.380E-02
—. 315E-0Z
+.TOLE-OZ
—. 439E-03
+.341E-04
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST: May 24, 1988
PUMPED WELL. ERT-24
OBSERVATION WELLS. ERT-24

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of well
ERT- 24 precede the aquifer test data which follow Prior to purging the
well the depth to static water level below the top of casing in the well
was measured using an electronic well sounder with accuracy to 01 feet

The well was purged with a pump and water level measurements were taken
with the electric sounder about one or two times per minute until the
submersible pump was shut off at nine minutes after the start of pumping

Recovery measurements were taken for about two hours following the test

Because of the short duration of the test, only one flow measurements was
taken near the middle of the test using a five-gallon bucket and stop
watch

The drawdown values were corrected using the following correction developed
by Jacob (1963) to allow the solutions for confined aquifers to better
apply to unconfined conditions

S' = s-52/2Ho

where s' = adjusted drawdown
s = measured drawdown and
Ho = initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test.

Water produced from the test was pumped into temporary storage containers
and eventually was dumped into the French Limited Lagoon.

INTERPRETATION:

Water level measurements were performed on the pumped well, ERT-24. The
adjusted drawdown data from the pumped well were analyzed using the
nonproprietary program JACOBFIT in the PUMPTEST package (Beljin, 1986)
available from the International Ground Water Modeling Center The program
is based on the Cooper and Jacob (1946) approximation of the Theis
equatcion. The technique is appropriate for analyses of aquifer tests in
which the dimensionless parameter u = r“S/4Tt is less than 0 O1l.
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where r is the radial distance between the pumped well
and observation well (feet),
S is the storage coefficien& (unitless)
T is the transmissivity (ft“/day), and
t is the time since pumping started (days)

The parameter "u" 1is less than 0.01 when the radial distance to the
observation well is small or when the time of pumping 1is long The
solution involves fitting a straight line to a plot of adjusted drawdown on
an arithmetic scale against the time since pumping started on a log scale

The change in drawdown over one log cycle of time is used to calculate
transmissivity The JACOBFIT program allows the user to interactively
specify which data are to be used in fitting the straight line The IGWMC
program RECOVERY (Beljin, 1986) based upon the Theis (1935) recovery method
was used to analyze the recovery data The RECOVERY program allows the
user to interactively specify which data are to be used in fitting the
straight line.

Assuming that the one pumping rate measurement 1is representative of the
average rate during well purging, the resulting transmissivity estimate is
2448 gpd/ft wusing the drawdown data and 2922 gpd/ft using the recover

data The average hydraulic conductivity was determined to be 3 3x10~

cm/sec and 3 9x10°° cm/sec respectively for the drawdown and recovery
results The storage coefficient could not be determined from the single
well test The results of this analysis are attached

The results of the test are considered reasonable given the good comparison
between the drawdown and recovery results and the relatively high specific
capacity It is likely that the initial pumping rate is representative of
the entire pumping period because of the 1limited drawdown in the pumped
well Well bore storage effects were significant for only the first five
minutes of pumping The time when well bore effects were no longer
significant was calculated using the method of Schafer (1978) described 1in
section B-2.1 and shown below"

t, = 0.6(16-1)/(10 75/6 03%) = 5 05 minutes
* drawdown interpolated at 5 minutes into the test
Consequently, the drawdown data for the first five minutes should not be

used for interpretation. Likewise, the first five minutes of the recovery
data should not be used.
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ERT 178

A RESOURCE ENGINEERING COMPANY

OF ERT-24

Sheet) _of _ 1

BORING LOG AND CONSTRUCTION

Clhient ARC: _CHEMICAL COMPANY DRILLING AND SAMPLING INFORMATION
Project Name ___ER€ncH 11M)TED SITE Date Startec __12-30-87  Date Completed __12-31-87
Project Localion CResBY , TEXAS Method Mud Rotarv Total Depth SN 0 tect
Job No _275-23-0} Boring No _€R1-24 WELL COMPLETION INFORMATION
Logged By _Srkuk PREXTAM Screen Dia 4=fnch @ Length _35 O feet
Approved By RAAL PATE, Slot Size 0 010-inch Type PVC
Driied By (a..E COASY DBN LING Driler s Name_ i TuANER. .~ Casing Dra G-inch @ Length _10 Q feet
-4
w I w 2] » z
- - 2 E E z | z & EE 2 x
] s wslws.| 2 w321 = |
w DESCRIPTION w w s[(xok] © 31| 2w | <
S a 3 lw_loc3t © o slwgd | 3
W & |2E|]o-¢c w2 r §
oz 2 3 [§=(rwe| 2 z |22 EE R
SURI ACE ELEVATION A - w-l o w [T o
— 0
U o
Dark gray fine to medium ailty sand with roots (SM) - ST 20 - - ost- .
— - 1
5 j U K3
- S o]st |39 - - 05
53
= .
3 A
—~ - Tan [{ne tc medium (9 5%y — 5
10 — ST ool ~ - 05
~ Mediun densc light olive gray fine to medium clayev sand slightly r "~
3 si'oy (se) &
- (14 0" . 2%
15 _a ‘ediim denee light gray fine to coarse sand (vet/fresble) (SP) - Ss |15 o — ({5/10/16 ns E:
3 ]
e s el - en | 1o F
: 03 (21 09 :
| 3 er st. f griv elav ((HY :—
230 -
- ST |25 o3 25 - an
5 z
i Y] -
= T | st R - =
0 3 - vw. slicnersides frem 30 0 . ~ -
3 (33 0°) -
33 0 b
:] l1ight grav and tan clavey silt with clay pochets and partings (M) -1 35 0 00 - ,
- ST - - - !
:5 3 - !
= | - 1
5 =i
- -
= 3E 0 0ol E
7] - Inc easing clay content from 40 O' - st |4 Of - N -
40 = -
3 =
é 30 00 =
- 45 0f - - =
ST =
45 __, (46 0°) = -
0 Ven stiff darx ved and gray clav with silc parcings and
§ slickensides (CH) .
- [1: 3]
3 00 |2 st lspa]d?™| - o0
50 ——
55 -
-

T  PRESSCO SHI LAY TUBE RC - RAOCK CORE

ANMPLER TYPE

B-88

BORING METHOD
£5 ORIVEN SPLIT SPOON CA - CONTINUOUS FLIGHT AUGER HSA - HOLLOW STEM AUCERS

DC - DRIVING CASING

CFA - CONTINUQUS FLIGHT AUGERS MD - MUD DRILLING
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CROSBY, TX
WELL ERT-24

DATE: 5/24/88

STATIC WATER LEVEL: 3.8B0 FEET

PUMPING RATE: 10.75 GPM

DISTANCE TO OBSERVATION POINT: 1 FOOT
TOTAL DEPTH OF WELL: 45.% FEET (SOUNDED)
ARUIFER THICKNESS: 45.9 - 3.80 = 42.1 FEET

FRENCH LIMITED

Comments

S gal/27.9 secs

Time Since Time Since Depth
Pumping Pumping to Corrected
Started,t Stopped, t° Water Drawdown Drawdown,
(miputes) (minutes) (feet) {feet) (feet)
0.71 8.00 4,20 3.99
1.71 ?.00 S5.20 4.88
3.31 .50 9.70 5.31
J.63 ?.60 5.80 5.40
4.11 .70 53.90 5.4%9
4,73 7.80 6.00 S5.97
S.66 ?.90 &.10 9. 66
6.78 10.00 6. 20 S5.74
7.98 10.10 6,30 5.83
. ?.00 Pump Off
?.23 0.23 8.00 4,20 3.99
?.38 0.38 7.00 3.20 .08
?.66 0.4&7 6.00 Z2.20 2.14
.96 0.97 5.50 1.70 1.4&7
10,05 1.05 S.40 1.460 1.57
10.13 1.13 95.30 1.50 1.47
10.26 1.27 9.20 1.40 1.38
10.40 1.40 S5.10 1.30 1.28
10.36 1.57 S5.00 1.20 i.18
10.78 1.78 4.90 1.10 1.09
11.05 2.05 4,80 1.00 0.99
11.40 2.40 4.70 0.920 0.89
11.88 2.88 4,60 0,80 0.79
12.38 3.38 4,50 0.70 Q.49
12.75 3.75 4,45 Q.65 0.464
13.20 4.20 4.40 Q.60 0.460
13.66 4.67 4.35 0.355 0,35
14.28 5.208 4,30 Q.50 0.350
15.13 6.13 4.25 0.45 0.45
16.093 7.05 4,20 0.40 0.40
i7.18 8.18 4,15 0.335 0.35
18.51 ?.32 4,10 0.30 0.30
20.28 11.28 4,05 0.25 0.25
22. 4869 13.65 4.00 0.20 0.20
120.75 .84 0.04 0.04

‘ 129.75
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program: JacobFit
version: IBM PC 1.0

A FROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S
FORM OF THEIS EQUATION AND LEAST SRUARES® METHOD.

* %k %k k& Xk ¥k Xk

363636 36 I F I U0 I I I e I I I H e I P K I I e Fe Fe I N WK F e F KR

PROJECTIIIIIIIII

FRENCH LIMITED

LOCATION. ..+« = CROSBY, TX

WELL...oouuansaw = ERT-24

DATE..scuuunssas = 5/24/88

STATIC WATER LEVEL S.W.L. = 3.8 [ft]

DISCHARGE RATE.:esecessssssas = 10.75 [gpml

DISTANCE OF OBSERVATION POINT = 1 L[ft1

NO TIME [min]) DRAWDOWN L[+t1 u DEVIATION
1 0.71 3.990 « O00E+0Q0 +. 000E+0OQ
2 1.71 4.880 « QOOE+0O +. 000E+0Q0
3 3.31 5.310 « QOOE+0O0 +. DOOE+00
4 3.63 5. 400 « 203E~-04 ~. 168E~01
= 4.11 5. 490 « 102E-04 =.452E-02
[} 4.73 5.570 « 882E-05 +.478E-02
7 S.66 5. 660 « 737E-05 +.,447E-0Q2
8 &.78 5.740 « &15E-05 -« &I7E-02
9 7.98 5.830 « S23E-05 +.164E~02

TRANSMISSIVITY T

STORATIVITY

T
=)

«379E-02 [ft2/3]
2448 [gpd/ft1]
« 37FE-0O4

DATA SEGMENT ANALYZED :
- starting with data pair 3
with data pair 9

- ending

DETERMINATION COEFFICENT = .9985379

P I 3 6 H 6 I W I N I I W I eI A He W Fe I W H 6 I T I W I NN N A6 A NI N
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* %k % %k Kk k *k

programs:
version:

Recovery
IgMm PC 1.0

A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S
FORM OF THEIS EQUATION AND LEAST SEUARES’ METHOD.

* Kk k %k k k %k

36 36 I K I Fe A I I I 6 6 e I I e AW I I W W I W I We W I 6 W K I I I

PROJECT . v answnns
LOCATION.zvassas
WELL.cesvennnnas
1

STATIC WATER LEVEL

DISCHARGE RATEI.IIIIIIIIIIIII
DURATION OF PUMPING PERIOD...

r4
(=]

QONFA LN~

10
i1
12
13
14
15
16
17
18
19
20
21
22
23
24

.25

TRANSMISSIVITY T
T

TIME t'Cminl

TIME t [minl

FRENCH LIMITED

CROSBY, TX

ERT-24
S5/24/88

SI wl LI

0.23
0.38
0.67
0.97
1.05
1.13
1.27
1.40
1.57
1.78
2.03
2.40
2.88
.38
3.79
4,20
4.467
5. 28
6.13
7.05
8.18
?.52
11.28
13.65
120.735

.23
9..38
7.67
.97
10.05
10.13
10.27
10.40
10.57
10.78
11.05
11.40
11.88
12.38
12.75
13.20
13.67
14.28
15.13
14.05
17.18
18.52
20.28
22.65
129.75

3.8 C+t1]
10.75 [gpml
? Cminl
t/t° DRAWDOWN s L[ft]
40,13. 3.990
24.48 3.080
14.43 2.140
10.28 1.4670
.97 1.570
8.96 1.470
B8.09 1.380
7.43 1.280
6.73 1.180
b.04 1.090
S5.39 0,990
4,75 0.8%90
4,13 0.790
3.66 0.6%0
3.40 0.640
3.14 0.600
2.93 0.350
2.70 0.500
2.47 0.4350
2.28 0.400
2.10 0.350
1.95 0.300
1.80 0.250
1.64 0.200
1.07 0.040

.452E-02 [ft2/s]
2922 [gpd/+ft]

DATA SEGMENT ANALYZED :
- starting with data pair

- ending

with data pair

DETERMINATION COEFFICENT =

22
25

. 9848253

33636 3 3 W W6 3 3N W N K I N 36U I N W IE I T He N AW R

B-93

DEVIATION
+. QO0E+0O
+. QDOE+00O
+. OOOE+00
+. OQUE+DO
+., QODE+OQO
+. QROE+0O
+. QQOE+00O
+.793E-01
+.644E-01
+.430E-01
+.182E-01
~«143E-0Z
~. P0IE-0Q2
—. 323E-01
-. 342E-01
- 234E-01
—. 275E~-01
—. 2464E-01
-.173E-01
-.151E-01
-.131E-01
+.149E-01
-. 189E-02
-.181E-01
+.510E-02
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST: May 24, 1988
PUMPED WELL. ERT-25
OBSERVATION WELLS. ERT-25

CONTROL WELLS: none

BACKGROUND AND DESCRIPTION OF TEST:

Lithologic and completion logs and an illustration of the location of well
ERT-25 precede the aquifer test data which follow Prior to purging the
well, the depth to static water level below the top of casing in the pumped
well was measured using an electronic well sounder with accuracy to 01
feet The well was purged with a submersible pump and water level
measurements were taken with the electric sounder about two or three times
per minute starting at 1 9 minutes into the test until the pump was shut
off at 8 58 minutes after the start of pumping Recovery measurements were
taken for over three hours following the test Because of the short
duration of the test, only one flow measurement was taken near the middle
of the test using a five-gallon bucket and stop watch

The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions.

s' = s-52/2Ho

where s’ = adjusted drawdown
s = measured drawdown and
Ho initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test

Water produced from the test was pumped into temporary storage containers
and eventually was dumped into the French Limited Lagoon.

INTERPRETATION:

Water level measurements were performed on the pumped well, ERT-25 The
adjusted drawdown data from the pumped well were analyzed wusing the
nonproprietary program JACOBFIT in the PUMPTEST package (Beljin, 1986)
available from the International Ground Water Modeling Center. The program
is based on the Cooper and Jacob (1946) approximation of the Theis
equation. The technique is appropriate for analyses of aquifer tests in
which the dimensionless parameter u = r“S/4Tt is less than 0 O1.

B-94
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where r is the radial distance between the pumped well
and observation well (feet),
S is the storage coefficien& (unitless)
T is the transmissivity (ft“/day), and
t is the time since pumping started (days).

The parameter "u" 1s less than 0.01 when the radial distance to the
observation well is small or when the time of pumping i1s long The
solution involves fitting a straight line to a plot of adjusted drawdown on
an arithmetic scale against the time since pumping started on a log scale

The change in drawdown over one log cycle of time is used to calculate
transmissivity The JACOBFIT program allows the user to interactively
specify which data are to be used in fitting the straight line. The IGWMC
program RECOVERY (Beljin, 1986) based upon the Theis (1935) recovery method
was used to analyze the recovery data. The RECOVERY program allows the
user to interactively specify which data are to be used in fitting the
straight line

Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the resulting transmissivity estimate is
509 gpd/ft. using the drawdown data and 1554 gpd/ft using the recover

data The average hydraulic conductivity was determined to be 6 Ox10~

cm/sec. and 1.8x10™° cm/sec. respectively for the drawdown and recovery
results The storage coefficient could not be determined from the single
well test The results of this analysis are attached

The results of the recovery test are considered fair given that only two of
the recovery data points were outside the significant influence of well
bore storage Also the recovery response would be less sensitive to
possible fluctuations in pumping rate The relatively poor comparison
between the drawdown and recovery results is apparently due to the
influence of well bore storage on the drawdown response Given that the
relatively large drawdown in the pumped well, it is possible that the
actual flows may have declined near the end of pumping Consequently, the
measurement which was taken during the middle of the test may be somewhat
higner that the average for the entire pumping period which would result in
a slight overestimation of transmissivity

Well bore storage effects were significant for the entire pumping period
The time when well bore effects were no longer significant was calculated
using the method of Schafer (1978) described in section B-2.1 and shown
below.

t, > 0.6(16-1)/(11.76/31.56%) = 24.2 minutes

* drawdown at end of pumping rather than at time t, which is beyond
the end of pumping

Consequently, the drawdown data for the entire test should not be used for
interpretation. Likewise, since t, is greater than 24.2 minutes, only the
last two recovery data points are In the range where well bore influences
are minimal.
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LM‘,' 3716 . . Sheet Lot

1 LOG AND CON
A RESOURCE ENGINEERING COMPANY BORING LO CONSTRUCTION
OF ERT- 25
Cllent _QeLn cnrpieche DRILLING AND SAMPLING INFORMATION
Project Name _7s f.vem, &TD. <irg Dste Started __3-29-3¢ Date Completed _"-2%-%?
Project Locatlon _€£2388v , X Method _Mud srtasw Total Depth _5:F =
Job MHo.__£€en- ~oe Boring No. _£<7=25 ____ WELL COMPLEIION INFORMATION
Logged By . 0Ll fs, Screen Dla, _¥in _______ Length 4O E¢
Approved By Slot Slze CoSID ta Tyoe rxrs
Orilled By Seprwwirsresel oAZs  Drlllgr's Namo TkelY S42JDovAL, . Casing Dls. 4 ien Longth _dfpentide % L. -
s e (2l 5] o |2lu ]l 2
- 22 |Es|eun]| = S(5s] 21{¢
Tw = |las|was 2 > Hi -0 ]
Fuw DESCRIPTION ] w [S2]|xk| 3 8 HEFRE
g: 3 g 25le n-i wlog| i le
x < 3 |52 5 |22 R
SUNFACE ELEVATION bl B K vl 2 ® b
. - <
T Mediva dewnd brown B1y fiae Sawd, itele 10 Some clay, -1 {46 |18 .5y '_;'1 LR IES
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023719

FRENCH LIMITED
CROSBY, TX
WELL ERT-25

DATE: S5/24/88

STATIC WATER LEVEL: &.44 FEET

PUMPING RATE: 11.7&6 GFM

DISTANCE TO OBSERVATION POINT: 1 FOOT

TOTAL DEPTH OF WELL: 44.535 FEET (SOUNDED)
ARUIFER THICKNESS: 44.55 - 6.44 = 38.11 FEET

Time Since Time Since Depth

Fumping Pumping to Corrected

Started,t Stopped, t° Water Drawdown Drawdown, s°

_tmiputes) (minutes) (feet) (feet) (feet) Comments
1.90 21.00 14,56 11.78
2.1% 22.00 15.36 12.38
2.38 23%.00 16.56 12.96
2.859 24,00 17.94 13.51
.17 26.00 19.96 14,54,
K. 45 27 .00 20.56 15.01
4,03 28.00 21.56 15. 44
4,40 29.00 22.3& 13.88 3 gals29.9
4,73 30,00 23.56 16.28
H.149 F1.00 24,356 15,65
.4 F2.00 25,56 16.5%
5. 85 33,00 26 T 17,30
fo 35 34,00 27.396 17,5y
Ze 5 F3.00 £25.56 17.85
7.2% Jb. OO % .58 i8. 10
7,80 37.00 F0.56 18. 351
8.4C 38.00 I1.56 18.49
8. 98 Fump 0OF¢
?.67 i.08 26.00 19.56 14.54
?.77 1.18 25.00 18.594 14,04
%.83 1.25 24.00 17.56 13%.51
.93 1.35 23.00 16.346 12.96
10.0Z 1.43 22.00 15.356 12.38
10.12 1.53 21.00 14,36 11.78
10.22 1.63 20.00 13.56 11.15
10.32 1.73 12.00 12.56 10.49
10.43 1.85 18.00 11.56 Z.81
10.50 1.92 17.50 11.06 ?.44
10.57 1.98 17.00 10.56 ?.10
10.63 . 2.05 16.50 10.06 B8.73
10.70 2.12 16.00 ?.56 8.3&
10.77 2.18 15.50 ?.06 7.98
10.83 2.25 15.00 8.36 7.60
10.92 2,33 14.50 8.06 7.21
11.00 2.42 14.00 7.396 6.81
11.086 2.50 13.50 7.06 6.41
11.17 2.98 13.00 6.36 &, 00
11.28 2.70 12.50 b.04 =5.58
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‘ ERT-25 PAGE 2

Time Since Time Since Depth

Fumping Fumping to Corrected
Started,t Stopped, t° Water Drawdown Drawdown, s’
(minutes) {(minutes} (feet) (feet) (feet) Comments
11.38 2.80 12.00 5.54 5.15
11.30 2.92 11.50 S5.06 4,72
11.62 F.03 11.00 4,56 4,29
11.75 3.17 10,50 4,06 3.84
11.92 3.33 10.00 J.96 3.39
12.1% 3.55 7. 50 3.06 2.74
12.40 J3.82 ?.00 2.348 2.47
12.82 4.23 8.50 2.06 2.00
1%.30 4,92 8.00 1.596 1.53
14.95 &.37 7 .50 1.06 1.03
19.82 11.23 7.00 0.548 Q.56
Z22.58 14,00 6.0 0,44 Q.44
24,42 15.8% &.85 .41 G.41
25.16 17.52 6. 80 0,36 0. 34
44,382 35.80 6. 64 0,20 0,20
182.98 174,40 &.35 v. 112 .11
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* %k %k Kk ok k %k

prograim:
version:

JacobFit
IBM PC 1.0

A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S
FORM OF THEIS ERQUATION AND LEAST EQUARES’ METHOD.

*

* ¥ %k % ¥ %

6 3 3 336 A e A I AW I I N A I I N I NI I 6 T2 I IR K I R

FROJECT . s swnenan
LOCATION. v eaass
] I
DATE.vanannnnans

STATIC WATER LEVEL

DISCHARGE RATE. s s v autnnannssnn
DISTANCE OF OBSERVATION POINT

MO

|
(LR LY |

el
Vo — & 0 L~ T

Bl

TIME Cmin]

TRANSMISSIVITY T

T

STORATIVITY s

FRENCH LIMITED

CROSBY, TX

ERT-25

o/24/88
S.W.L. = &H.44 [+Ft]

= 11.746 Cgpml
= 1 CL+t1]

DRAWDOWN L[ft1 L
11.780 « QOOE+OD
12,380 » QOOE+DO
12.960  DOCEFQC
13.3510 » QOOEQ0
14,540 « DOOE+OQO
15,010 « QOOE+OQOQ
15.460 « QODE+GO
15,880 a QUDE+QO
146,280 « QODE+CO
1&. 630 » CODEFQU
1&. 990 o MO0
17 . 300  QGOE+QO
17.590 « QGOE+OQO
17.860 « 113E-02
18. 100 « HOZEE-O3
18.310 « DH0E-OZ
18.490 « S20E-03F

.787E-03 [ft2/s]
509 [gpd/+t]
.B26E-03

DATA SEGMENT ANALYZED :

- ending

DETERMINATION COEFFICENT =

- starting with data pair
with data pair

15
17

« 7980304

DEVIATION
+ ., QOOE+O0
+, DOOE+D0
+, OOE+O0
+, QOOQE4-QC
+, OOOE+00
+ o DOOE+G0
+, DOOE+O0
4+, DOOE+O
+ ., QODOE4O0
+ o, DO 0
o O
+ ., OOOE+D0)
-« 171E-01
- S4FE-0O2
+. 109E-01
—-. 93BE-02

W I Fe e T I I WA eI I e e e K eI I eI eI I I A KR
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ERT-23 RECQUERY
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* % k k ¥k ¥

program:
version:

Recovery
IBM PC 1.0

A PROSRAM FOR PUMP TEST ANALYSIS USING JACOR'S

FORM OF THEIS EQUATION AND LEAST SRUARES® METHOD.

* k ok k Kk k Kk

T 3 ¥ I I e I I3 I A He I W N W F I S I W eI AW I I I I NI X R

PROJECT.evannnns
LOCATION. auns e
WELL.ewarvawannns
DATE.sausnssnnas

STATIC WATER LEVEL
DISCHARGE RATE. s s s enusesnnsen
DURATION OF PUMFING PERIOD...

NO

o B U v BN v I R YR VI

P
—

1o et 1
HLA N W) B

e b et
R vy RN O T

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
39
b

TIME t'Cminl

2.92
3.03
3.17
3. 33
F.99
3.B82
4.23
4.92
b.37
11.23
14.00
15.83
17.52
35.80
174.40

TRANSMISSIVITY T

DATA SEGMENT ANALYZED :

T

FRENCH LIMITED

CROSBY, TX
ERT-25
S5/24/88

Sl Nl LI

TIME £ [minl

.93
10.01
10.11
10,21
10031
10,43
10.350
10.36
10045
10.70
10.76
10.8%
10.91
11.00
11.08
11.16
11.28
11.38
11.50
11.61
11.75
11.91
12.13
12.40
12.81
13.50
14.95
179.81
22.58
24.41
26.10
44,38
182.98

4.44 [ft1

11.76 [gpml

8.58 [minl

L

S.19
S
4,94
4.81
4.468
4.55
4.43
4,33
4.18
4.06
3.94
3.83
3.71
3.58
S.42
3.29
3.03
2.74
2.35
1.76
1.61
1.54
1.49
1.24
1.05

.240E-02 [ft2/s]
1554 C[gpd/ft]

B-103

DRAWDOWN s Lft]

14.540
14.040
13.310
12,260
12.380
11.780
11.150
10. 490
7.810
9.4560
F.100
3.730
8. 360
7980
7. A00
7210
6£.810
65.410
&. QOO0
5. 080
=. 150
4.720
4,290
3.840
5.390
2.940
2.470
2.000
1.530
1.030
0.560
0.440
0.410
0. 360
0. 200
0.110

DEVIATION
+, OQOE+G0
. DQOE--Q0
+, OOGE O
4, QDO
+ . QOO A
+ . Q0O -0
+ ., CODEAOL
+ . QOO+
+, QOOESQD
4o QOGE D
L QOOE 4
4, LY 30
R I T | B I
LA 10 =)
+ . QOO a2
+, QOOEFOQO
+ . OOOE+OU
+, QOOOE+OD)
+ . OOGE+OOQ
+. O0OE+D0
4+, O00E+Q0
+, QOOE+-OG
+ . QOOE-DD
+, QOOE+O0
+. QOOE+QQ
+. 000E+0O0
+ . ODOE+OQOD
+. OQOE+0O0Q
+. 107E+0Q0
+,271E-01
+.47%E-02
—. 6Z2HE-02
—. 263E-01
—. 270E-01
+.277E-01
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DETERMINATION COEFFICENT = .9786B31
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST: May 24, 1988
PUMPED WELL ERT-26
OBSERVATION WELLS ERT-26

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of well
ERT-26 precede the aquifer test data which follow Prior to purging the
we.l the depth to static water level below the top of casing in the pumped
well was measured using an electronic well sounder with accuracy to 01
feet The well was purged with a submersible pump and water level
measurements were taken with the electric sounder about one to three times
per minute until the pump was shut off at 8 1 minutes after the start of
pumpling Recovery measurements were taken for almost 3 5 hours following
the test Because of the short duration of the test, only one flow
mecsurement was taken near the middle of the test using a five-gallon
bucket and stop watch

The drawdown values were corrected using the following correction developed
by Jacob (1963) to allow the solutions for confined aquifers to better

apply to unconfined conditions

s-52/2Ho

sI

where s' adjusted drawdown
s = measured drawdown and
Ho = initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test

Water produced from the test was pumped into temporary storage containers
and eventually was dumped into the French Limited Lagoon

INTERPRETATION"

Water level measurements were performed on the pumped well, ERT-26 The
adjusted drawdown data from the pumped well were analyzed using the
nonproprietary program JACOBFIT contained in the PUMPTEST package (Beljin,
1986) available from the International Ground Water Modeling Center The
program is based on the Cooper and Jacob (1946) approximation of the Theis
equation The technique is appropriate for analyses of aquifer tests 1in
which the dimensionless parameter u = r2S/4Tt is less than 0 Ol

B-105



02378

where r is the radial distance between the pumped well
and observation well (feet),
S is the storage coefficien& (unitless)
T is the transmissivity (ft°/day), and
t is the time since pumping started (days)

The parameter "u" is less than 0 01 when the radial distance to the
observation well is small or when the time of pumping is long The
solution involves fitting a straight line to a plot of adjusted drawdown on
an arithmetic scale against the time since pumping started on a log scale

The change in drawdown over one log cycle of time is used to calculate
transmissivity The JACOBFIT program allows the user to interactively
specify which data are to be used in fitting the straight line The
program RECOVERY (Beljin, 1986) based upon the Theis (1935) recovery method
was used to analyze the recovery data The RECOVERY program allows the
user to interactively specify which data are to be used in fitting the
straight line

Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the resulting transmissivity estimate 1s
364 gpd/ft wusing the drawdown data and 1264 gpd/ft using the recoverz

data The average hydraulic conductivity was determined to be &4 3x10°
cm/sec and 1 5x10°° cm/sec respectively for the drawdown and recovery
results The storage coefficient could not be determined from the single

well test  The results of this analysis are attached

The results of the recovery test are considered fair given that only two of
the recovery data points were outside the significant influence of well

bore storage The relatively poor comparison between the drawdown anc
recovery results is apparently due to the influence of well bore storage on
the drawdown response Also the recovery response would be less
sensitive to possible fluctuations in pumping rate Given that tne

relatively large drawdown in the pumped well, 1t is possible that the
actual flows may have declined near the end of pumping Consequently, the
measurement which was taken during the middle of the test may be somewhat
higher that the average for the entire pumping period which would result in
a slight overestimation of transmissivity

Well bore storage effects were significant for the entire pumping period
The time when well bore effects were no longer significant was calculated
using the method of Schafer (1978) described in section B-2 1 and shown
below

t. > 0.6(16-1)/(11 54/21 557) = 16 8 minutes

* drawdown at end of pumping rather than at time t, which is beyond
the end of pumping

Consequently, the drawdown data for the entire test should not be used for
interpretation. Likewise, since tc is greater than 16 8 minutes, only the
last two recovery data points are in the range where well bore influences
are minimal
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PUMPED WELL

(@ OBSERVATION WELL
A\ CONTROL WELL
@® TEST LOCATION

RIVERDALE

SUBDIVISION

ABANDONED
HARRIS CO
LANDFiILL

s
FRENCH
LiiTED Lasoon~S()

QULF PUMP RD

REI-5

ERT-30

0 100 200 400

FEET

FRENCH LIMITED TASKGROUP,INC

FRENCH LIMITED SITE
CROSBY, TEXAS

LOCATION MAP

WELL TEST ERT-26
5/24/88

PROJECT NUMBER 26

DATE |REV DRAWNCHECK. [APPROV
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FRENCH LIMITED
CROSBY, TX
WELL ERT-26

DATE: 5/24/88

STATIC WATER LEVEL: 4.45 FEET

PUMPING RATE: 11.54 GPM

DISTANCE TO OBSERVATION POINT: 1 FOOT

TOTAL DEFTH OF WELL: 4%.4 FEET (SOUNDED)
ABUIFER THICKNESS: 49.4 — 4.45 = 44.95 FEET

Comments

9 gal/2bs sec

Time Since Time Since Depth
FPumping Fumping to Corrected
Started,t Stopped, t° Water Drawdown Drawdown,
(minutes) {(minutes) (fest) (feet) (feet)
0.18 10.43 5.98 5.58
0.98 12.00 7.93 b.92
i.92 14,00 ?.25 8.54
2.02 15.50 11.03 ?.69
Z2.20 164.00 11.55 10,07
S.97 19.00 14.395 12,20
.93 20,00 15.35 12.84
4,17 20,50 16.05 15.18
4. 35 21.06 16,85 15,50
4,56% 21.30 17.05 1%F.82
5.27 22.50 18.05 14,43
G 15 17.559 15.30 15,30
G.52 24,50 20.05 5.58
- Y 25,00 20,55 15.33
7.28 25.50 21.08 16.12
7.82 26,00 21.35 16.38
B8.10 FPump O+FF
2.52 1.42 11.00 &.93 &.07
?.468 1.58 10.00 S.939 5.21
g.90 1.80 .00 4,35 4.32
10.07 1.97 8.50 4.05 .87
10.25 2.15 8.00 .93 3.41
10.50 2.40 7.50 3.05 2.95
10.70 2.60 7.00 2,55 2.48
11.08 2.98 &.79 2.30 2.24
11.40 .30 6.50 2.05 2.00
11.78 F.68 6.25 1.80 1.76
12,33 4.23 6.00 1.55 1.52
13.02 4,92 5.80 1.35 1.33 .
13.90 S5.80 . &0 1.15 1.14
14.52 6.42 S5.50 1.05 1.04
15.33 7.25 5.40 Q.95 0.94
16.42 8.32 5.30 0.85 0.84
17.72 ?.62 5.20 0.73 0.74
19.48 11.38 S5.10 Q.65 0.65
80.63 72.53 4,65 Q.20 0.20
216.77 208. 67 4,59 0.14 0.14
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* ¥ ok k k% k ¥k

program:
versions:

JacobFit
IBM PC 1.0

A PROGRAM FOR PUMF TEST ANALYSIS USING JACOB'S
FORM OF THEIS ERUATION AND LEAST SRUARES ™ METHOD.

* %k % %k k k Xk

6 36 3 303 I 26 3 He 6 I I e 23 I 63 I W K3 F I I 2 2 b I W Fe I F I KKK XK

FROJECT . waswsnns
LOCATION. v ans
WELL:awsnnnaanssn
DATEssssnnennnss

STATIC WATER LEVEL

NO

oSN W W R

TIME [minl

TRANSMISSIVITY T

T

STORATIVITY g

FREMCH LIMITED
CROSBY, TX
ERT-26

5/24/98

SI wl LI

DISCHARGE RATE..csvsussnnanas
DISTANCE OF OBSERVATION POINT

DRAWDOWN

4

1

5.380
6. 920
8.540
P . 00
10,070

12

24200

12.860
1%, 180
12,500
135,820
14.4350
13,500
15, 580
15.850
16.12¢
16.380

<45 Lftl

11.54 [gpml

Lftl

» QQOE+QO0
« OOQE+QO0
» DOOE+OO
« DOOE+DO
. OOOE+O0
« OOOE+G0
. OOOE+(Q0
418E-01
AODE-O1
» BFEE~0L
s 3F1E-01
. 282E-01
. 2R 7E-O1
«2G1E-0O1L
« HE7E-0O2
CG21E-02

.S63IE-03 [ft2/s]
364 [gpd/ft]
. 656E-02

DATA SEGMEMT ANALYZED :

- starting with data pair

- ending with data pair

DETERMINATION COEFFICENT =

15

16

1.000985

DEVIATION

+. QOOE+QO
+, QOOE+0O0
+ . OOOE+00
+ . QGOE+O0
+ , QOOE+00
+., OOOE+00
+. O00E+Q0
-. FHIE~-D1
+..EZ01E-0O1
+,319E-01
- 186E-C1
+ . HBSE—-1
+, 457E~]
+,4484E-02
+,973E-04
- o FPRE~04
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praogram:
version:

Recovery
IBM PC 1.0

A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB’'S
FORM OF THEIS EGQUATION AND LEAST SRUARES® METHOD.

Ok ok ok ¥ % %

*

N EEEE

26 T e S I 6 T e e B IR Fe KT I I I NI NI NI I I I K I N WK

FROJECT . cnwevnan
LOCATION. s v uass
WELLeawenanannan
DATE...

CROSBY, TX
ERT-26
5/24/88

STATIC WATER LEVEL S.W.L.
DISCHARGE RATE. s sesasnnaessna
DURATION OF PUMFING FERIOD...

NO TIME t'Cminl TIME t Lminl
1 1.42 7.52
2 1.58 7.468
3 1.80 F.70
4 1.97 1,07
S 2.15 10,25
= 2. 40 10.30
7 2. 60 10.70
g 2.%8 11.08
e Za 30 1i.40

ie 5. 63 11.79

11 4.23 12,35
1E 4.9%2 135,00

13 e B 15,56

o é. 42 14,858

P 7.25 15,55

18 8.32 14.42

17 F.62 17.72

18 11.38 19.48

19 72.503 BO. &3

20 208. 467 216.77

TRANSMISSIVITY T
T

DATA SEGMENT ANALYZED :

FRENCH LIMITED

4.4%5 Cft1d

11.54 [gpml

8.1 Ctminl

t/t”

Z.12
1.97
1.84
1.71
1.11
1.04

.196E-02 [ft2/s]
1264 [gpd/ft]

- starting with data pair 17
- ending with data pair 20
DETERMINATION COEFFICENT = .9994734

L2t Attt e bl e bttt L Ll L L]
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DRAWDOWN = CFt3
6.070
S.210
4,320
3.870
5,410

0. 740
. 650
Q. 2060
0.140

DEVIATION
+. 159E+01
+. PUIE+O0

+, Z7BE+0O0

FOEG4E-D:
+, 6H4E -0
-, &7BE-0Z
—. SITE-02

+. 559702
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 24, 1988
PUMPED WELL ERT-27
OBSERVATION WELLS ERT-27

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of well
ERT-27 precede the aquifer test data which follow Prior to purging the
well the depth to static water level below the top of casing in the pumped
well was measured using an electronic well sounder with accuracy to 01
feet The well was purged with a submersible pump and water level
measurements were taken with the electric sounder about one time per minute
starting at 4 4 minutes into the test until the pump was shut off at 7 23
minutes after the start of pumping Recovery measurements were taken for
about 1 5 hours following the test Because of the short duration of the
test, only one flow measurements was taken near the middle of the test
using a five-gallon bucket and stop watch

The drawdown values were corrected using the following correction
developed by Jacob to allow the solutions for confined aquifers toc better
apply to unconfined conditions

s' = s-sz/ZHo

where s' = adjusted drawdown
s = measured drawdown and
Ho = initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test

Water produced from the test was pumped into temporary storage containers
and eventually was dumped into the French Limited Lagoon

INTERPRETATION

Water level measurements were performed on the pumped well, ERT-27

Because of the short pumping time, only the recovery data were analyzed

This was done via use of the RECOVERY program in the nonproprietary
PUMPTEST package (Beljin, 1986) which is based on the Theis (1935) recovery
method and available from the International Ground Water Modeling Center

The RECOVERY program allows the user to interactively specify which data
are to be used in fitting the straight line
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Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the resulting transmissivity estimate
from the recovery data is 7001 gpd/ft The average hydraulic conductivity
was determined to be 8 3x10™~ cm/sec The storage coefficient could not be
determined from the single well test

The results of the recovery test are considered to be representative
because of the minimal well bore influence and because the one pumping rate
measurement is probably representative because of the slight drawdown in
the pumped well Also the recovery response would be less sensitive to
possible fluctuations in pumping rate

Well bore storage effects were significant for only about the first 2 5
mirutes of the pumping period The time when well bore effects were no
lorger significant was calculated using the method of Schafer (1978)
described in section B-2.1 and shown below

t, < 0 6(16-1)/(13 04/3.52%) = 2 43 minutes

* used first drawdown measurement at 4 4 minutes into the test rather
than at time t, which is less than 2 43 minutes into the pumping period

Consequently, the drawdown data for the first 2 5 minutes of both the
drawdown and recovery periods should not be used for interpretation

B~115



023787

PUMPED WELL
(@ OBSERVATION WELL

A CONTROL WELL
@® TEST LOCATION

FRENCH LIMITED TASKGROUP,INC
GULF PUMP RD FRENCH LIMITED SITE

@
o ‘,|
h
ll
8
€%| REI-5
1
ERT-29
N
ERT-30
0 100 200 400
FEET

CROSBY, TEXAS

RIVERDALE @ w ‘ ﬂ
! N LOCATION MAP
WELL TEST ERT-27
f 5/24/88
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A RESOURCE ENGINEERING COMPANY

Sheet _I ol &

BORING LOG AND CONSTRUCTION

OF ERT- 27
Cliant L2Co (117004 DRILLING AND SAMPLING mronmmon
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Driiled By _Zsur¥wiircgrl (AS<  Orlitar's Name 2y SAnDaval, Casing Dia. _ %3~ Length _Sf=iv=_ - [7
w | = wl o z
- g% |E-|.5~] £ (5|8 2 |¢
- w - Bo|w3is 2 $12:z) 45 | &
e DESCRIPTION - s|xoxl ©° o|fElaw |«
w 4 - w ve s o Q 2]l w g 3
gz H & - E -c w g c| ¥ 3 w
z < 1 15° %2 § x|3= ol|*=
SURTACE ELEVATION - EH £=1 2 " ]
— O A vary Jenst BPowm amed Taw Fill ', Yogh aud shail "1-‘-—'-‘]. 3.1 52 s 2112y o |’l
3 T
- i '
— |l [l i
- - & : - 1 - - K
Sé H(c;': ‘:)f.uu tam Yo qraq Ciug taud, 1iMtle shell Craqments 1-216S {50 etz o |7 - |
3 5% I A P
9 j— - ".'-. te u-(-‘:.‘.-\ ﬂ Ss .6 H-io-10 — ..—‘:. : -5
133 -] - -
= Il
= . ) -
. _E.-:.-' five o rencie ¢3e.00i13-4|5S |22 12:6-2 of i
i H cefe s avd Wrrwa $i1Tq ciau (o) — |7} 5 T
3 G2 e il
o lecce ta- cravi€ sard well sected C5u) (2.6 ¢« = |2 |ae 1=
7573 Stff 2ray and cel clay (cn-cid e e ol el e B B 1
3 : —_— —_)1t
25 = —acl graq taus andd red sty Srace dock beron pateles il ML 1A YT 53S0 I e ‘ ]
b !
3 ] !
- i !
(2.5 'i
T veens dtem fice saudy $il, brace sustocelesed pateies ML) 7167 |- =% RE :
78— e § e | | e | et | e [ = -4
= !
1
E — -1 :|E
V3 ] -uo! sems tlack mrifliag J-B|2S luso Lo I R I R
pu i
3 i-
7 = = (uz.sD —
o Scft te shiEf, dau to aray Fine sauduclay. tebenes =1
vs ] weies Herevguot savapies Cery DSy Comsisteney T-9) 8% |use swsas| |2} -
3 ('ﬁ.v') = .
I <+ €F pr.unnll.-fi‘d era, amd "‘“.u Sheqe ted ‘I*j: tome _ —1 uz
5o 3 =ilv P‘““S‘r"'t““h‘td (ew) T-10} ST l6e.5 w05 o -
] | =2 =
- - - - Y € L 9] )
| Forrnn rlﬂmwvrr) ar .ﬂ P s
15 = : 1
L p
M BONING METHOD

SAMPLER 1YPE
$8 - DRIVEN SPLIY sPQON CA - CONTINUOUS I'LIGHY AUGEN
$7 - PRESSED SHELDY TUBE RC - ROCK CONE

HSA - HOLLOW STEM UOENRS OC - DMVING CASING
CFA - CONTINUOUS FLIGHT AUGERS MD - MUD DRILLING

B-117



023739

FRENCH LIMITED
CROSBY, TX
WELL ERT-27

DATE: $/724/88

STATIC WATER LEVEL: 5.88 FEET

PUMPING RATE: 13.04 GPM

DISTANCE TO OBSERVATION POINT: 1 FOOT

TOTAL DEPTH OF WELL: 38.463 FEET (SOUNDED)
AQUIFER THICKNESS: 38.463 - 5.88 = 32.75 FEET

Time Since Time Since Depth

Pumping Fumping to Corrected
Started,t Stopped, t° Water Drawdown Drawdown, s°
(minputes) {minutes) (feet) (feet) (feet) Comments
4. 40 F.40 3.52 3.33 S gal/23.0 sec
5.48 ?.45 x.57 .38
6.82 ?.40 3.92 F.33
723 Fump O+F+f
7.47 e 23 7.00 1.12 1.10
7.97 0.33 b 50 .62 D.51
7.78 0.55 b 20 0,32 0, %2
8.2 1.00 &.00 G.12 0.12
5.43 1.25 .93 0,07 L, 07
10.48 T.25 b.13 .27 .27
11.32 4.08 &. 10 0.22 0. 22
1.2.85 H5.462 L0035 0. 17 0.17
15.738 82.15 &. 00 D.12 0,12
AL 45 1%.42 DP9 Q.07 0,07
Fa. 6 89,42 5. 88 0. 00 Q.00
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*
* program:
* version:
*
*
*
*

Recovery
IBM FC 1.0

A FPROGRAM FOR PUMP TEST ANALYSIS USING JRCOB'S
FORM OF THEIS EQUATION AND LEAST SRUARES' METHOD.

¥ ok ok ok K K Xk

36 36 36 36 I ¥ 26 e o 2 3 I N W 3 I I KK I 3 Fe I NN N KK I I IR N R

PROJECT . anuusnnsas

LOCATION. . 2.... = CROSRY, TX
NELLIIIIIIIIIIII =ERT_'27
DATE:caasaanensa = 5/24/88

STATIC WATER LEVEL =]
DISCHARGE RATEw«.seass

DURATION OF FPUMPING PERIOD...

NO TIME t°'Cminl TIME t Cminl
1 0.23 7.446
2 0. 35 7. 06
3 0.53 7.78
4 1.00 235
S 1.25 8.43
& 5. 23 10. 48
7 4.08 11.31
B S.62 12.85
? 8.15 15.38

10 13,42 20. &5

11 839.42 G6. 65

TRANSMISSIVITY T
T

DATA SEGMENT ANALYZED
- starting with data
- ending with data

DETERMINATION COEFFICE

INILI

pair
pair

NT =

11

FRENCH LIMITED

5.88 [ft1
13.04 [gpml
7.23 fmin]

t/t’

.108E-01 [ft2/s]
7001 [gpd/+t]

« 967135

DRAWDOWN s 'L+t
1.100
.610
0,320
G 120
O, G670
0,270
0,220
Q0,170
0. 120
0,070
(I To T8

B 33 N Fe X WA o He W F T KWW W 2 eI e Fe e oM I A He N A AN N F W AW NR N
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DEVIATION
+, OOUOE+OO
+, QOOE+GC
+, OO0 -0
£, JOOE -0
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 24, 1988
PUMPED WELL. ERT-28
OBSERVATION WELLS ERT-28

CONTROL WELLS* none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of well
ERT-28 precede the aquifer test data which follow Prior to purging the
well the depth to static water level below the top of casing in the pumped
well was measured using an electronic well sounder with accuracy to Ol
feet The well was purged with a submersible pump Only one water level
measurement was taken with the electric sounder before the well bore was
pumped dry and the pump stopped at 4 25 minutes into the test Recovery
measurements were taken for aver six hours following the test Because of
the short duration of the test, only one flow measurements was taken at
the start of the test using a five-gallon bucket and stop watch

The drawdown values were corrected using the following correction
devaloped by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s' = s—sz/ZHo

whe ze s' = adjusted drawdown
s = measured drawdown and
Ho = initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test

Water produced from the test was pumped 1into temporary storage contalners
and eventually was dumped into the French Limited Lagoon

INTERPRETATION

Water level measurements were performed on the pumped well, ERT-28
Because of the short pumping time, only the recovery data were analyzed
This was done via use of the RECOVERY program in the nonproprietary
PUMPTEST package (Beljin, 1986) which is based on the Theis (1935) recovery
method and available from the International Ground Water Modeling Center
The RECOVERY program allows the user to interactively specify which data
are to be used in fitting the straight line. Because of the short duration
of the pumping period, it was thought appropriate to also analyze the data
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via a slug test methodology This was done by use of the nonproprietary
TIMELAG program (Thompson, 1987) available from the IGWMC. The TIMELAG
program is based wupon the technique of Hvorslev (1951) for the
interpretation of slug tests in confined and unconfined aquifers

Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the transmissivity estimate resulting
from the RECOVERY analysis of the recovery data is 127 gpd/ft The average
hydraulic conductivity was determined to be 1 5x10° " cm/sec The storage
coefficient could not be determined from the single well test

The analysis wusing TIMELAG assumes that the well bore is evacuated
instantaneously and thus does not require a pumping rate measurement The
method is not sensitive to the finite time needed to evacuate the well bore
provided it 1is several orders of magnitude shorter than the recovery
response period This method uses uncorrected water level data  The water
level was not measured until almost two minutes after purging stopped
because of the pump removal activity The water level at the end of
purging was estimated by extrapolating the early recovery data back to time
zexro on a semilog recovery plot The transmissivity calculated using
TIVELAG is 52 gpd/ft and the average hydraulic conductivity is determined
to be 4 8x10™° cm/sec The storage coefficient could not be determined
frcm the single well test

The results of these analyses are attached The results of the slug test
analysis are considered fair given that slug tests generally provide only
order-of-magnitude estimates of transmissivity The results of the
recovery test are considered poor given that only four of the recovery data
points were outside the significant influence of well bore storage Ever
though the recovery response us less sensitive to possible fluctuations 1in
pumping rate, it is suspected that much of the discrepancy between the
results of the slug test and recovery analyses 1s due to the accuracy of
the pumping rate measurement Given the relatively large drawdown in the
pumped well, it is possible that the actual rate may have declined near the
end of pumping Consequently, the pumping rate measurement which was taken
during the middle of the test may be somewhat higher than the average for
the entire pumping period resulting in a slight overestimation of
transmissivity using the recovery analysis technique

Well bore storage effects were significant for the entire pumping period
The time when well bore effects were no longer significant was calculated
using the method of Schafer (1978) described in section B-2 1 and shown
below

t, > 0 6(16-1)/(10 95/36*) = 29.6 minutes

* drawdown estimated at end of pumping rather than at time t, which
is beyond the end of pumping

Consequently, the drawdown data for the entire pumping interval should not
be used for interpretation Likewise, since t. is greater than 29 6
minutes, only the last four recovery data points are in the range where
well bore influences were minimal.
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A RESOURCE ENGINEERING COMPANY
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BORING LOG AND CONSTRUCTION

OF ERT- 25
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DATE: 5/24/88

STATIC WATER LEVEL:

PUMPING RATE:

FRENCH LIMITED
CROSBY, TX
WELL ERT-28B

11.89 FEET
10.95 GPM

DISTANCE TO OBSERVATION POINT: 1 FOOT
TOTAL DEPTH OF WELL:

ARUIFER THICKNESS:

55.59 FEET (SOUNDED)
95.595 — 11.8% = 43.66 FEET

Time Since Time Since Depth
Fumping Fumping to Corrected
Started,t Stopped, Water Drawdown Drawdown, s’
_{minutes) (minutes) {feet) (feet) {feet) Comments
0.97 16.75 4,86 4,89
4,235 : 9 gal/27.4 sec
4. 23 Pump DOf+,
. Well Dry
b 20 1.95 4%, 30 Il.el 20,17
7. 0% 2.78 42,00 30.11 19.73
7ald 2.88 41.50 27.61 17.57
7.37 3.12 41,00 29.11 12.41
7.67 3.42 40,30 28.61 192.24
7.9 3.67 40,00 28.11 19,06
Ha 20 3.99 37.50 27. 61 18.38
8. 482 4,23 39.00 27.11 13,469
2.75 4.33 34, 50 26.61 12.30
7 . i 4.83 I8.00 26.11 18. 30
Pa.dE S5.17 37.50 25.461 18.10
.70 G545 37.00 25.11 17.89
10.00 .79 36.50 24.61 17.467
10.33 &.08 36.00 24.11 17.45
10.67 &.42 35.50 23.61 17.23
11.00 6.75 35.00 23.11 16.99
11.38 713 34.50 22.61 16.76
11.75 7.30 34.00 22.11 16.51
12.12 . 7.87 33.50 21.61 16.26
12.52 B8.27 33.00 21.11 16.01
12.93 8.48 32.50 20.61 15.75
13.30 ?.05 32.00 20.11 15.48
13.72 ?.47 31,50 19.61 15.21
14.20 ?.95 31.00 19.11 14,93
14.67 10,42 30.50 18.61 14.464
15.03 10.78 J30.00 18.11 14.35
15.50 11.25 29.50 17.61 14.06
15.95 11.70 29.00 17.11 13.76
16.45 12.20 28.50 16.61 13.4S
16.97 12.72 28.00 16.11 13.14
17.47 13.22 27.50 15.61 12.82
18.03 13.78 27 .00 i5.11 12.50
18. &3 14.38 26.30 14,61 12.17
19.25 15.00 26.00 14,11 11.83
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ERT-28 Page 2

Time Since Time Since Depth

FPumping Pumping tao Carrected

Started,t Stopped, t° lWater Drawdown Drawdown, s’

(minutes) (minutes) (feet) {feet) (feet) Comments
21.00 16.79 25.30 13.61 11.49

21.3% 17.08 24.30 12.61 10.79

F0.47 24,22 12.70 7.81 7.11

63.92 59.6&7 14.77 2.88 2.79

139.30 135.25 14. 64 2.79 2.8646
IZ2E.30 319.10 14.50 2.61 2.53
377.20 372.90Q 14,48 2.99 2.951
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0 2 3 7 6 9******************************************************

*
* program: Recovery

* version: IBM FPC 1.0

*

* A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S

# FORM OF THEIS EGUATION AND LEAST SRUARES® METHOD.
* .

*

¥ ok ok k ok K k

333 K eI He e NI I Fe I T I I K I I W NI W K I I A e W N W N

PROJECT cavunanun
LOCATION.. vcuan.
WELL s snnnnans
DATEccaensscoans

STATIC WATER LEVEL

DISCHARGE RATE...icsssasonssns
DURATION OF PUMPING PERIOD...

ND TIME t 'Cminl
| 1.95
2 2.78
= 2.88
4 z.12
S .42
) G &7
7 J3.995
8 4,23
9 4,53

10 4,873

11 S.17

12 G. 45

13 S5.70

14 G. 03

i3 bHa42

1 &H.75

17 7.13

i 7 .50

1e 7.87

20 8.27

21 8. 68

22 .05

23 .47

24 .93

25 10.42

24 10.78

27 11.25

29 11.70

29 12.20

30 12.72

31 13.22

32 13.78

33 14.38

34 15.00

35 16.75

34 17.08

37 26.22

38 59.67

39 135.25

40 319.10

41 372.90

FRENCH LIMITED

CROSBY, TX

ERT-28
=/24/88

Sl wl LI

TIME t [minl

11.89 L[ft1]

10.93 Cgpml

4,23 [minl

t/tr

&. 20
7.03
713
7.327
7867
7.92
8.20
8.48
g8.78
9.08
27.42
P70
16,00
10, 750
10,67
11.00
11.38
11.75
12.12
12.52
12.93
13,30
13.72
14.20
14.67
15.03
15.50
15.99
146.45
16.97
17.47
18.03
18.63
19.25
21.00
21.33
30.47
63.92
139.50
323.35

377.15
B-128

3.18
2.53
2. 48
2.3
2.24
2.16
2.08
2,00
1.94
.96
1.82
1.78
1.74
1. 79
1,66
1.63
1.60
1.57
1.54
1.51
1.49
1.47
1.45
1.43
1.41
1.39
1.38
1.36
1.35
1.33
1.32
1.31
1.30
1.28
1.25
1.25
1.16
1.07
1.03
1.01
1.01

DRAWDOWN s L[Fft]

20.170
19,730
12.570
12.410
12,240
17.060
i8.880
18.4%0
18,1500
18..300
18.100
17,850
17.670
17,4350
17.250
14.990G
16.760
14.3510
16.260
16.010
15.7390
15.480
15.210
14.930
14. 5640
14.350
14.060
13.760
13.450
15.140
12.820
12.500
12.170
11.830
11.4%0
10.790
7.110
2.790
2.6460
2.330
2.310

DEVIATION
+. OO0OE+00
+ ., QOOE+QQ
+, OOOE+QD
+. DOOE+0Q0
+, QOOE+DD
+ L OGO
+ . DOOE+D0
+, GOOE+OC
+ , QOO+
+, OQOO0OE+Q0
+. OOQE+Q0
+, GOOE+OO
+, QOODE+OC
+ . GO0+
+ . QO0OE+DQ0
+, OGOE+0Q0
+, GOOE+00
+. 0O00E+QO
+., GOOE+OQO
+ . QOOE+0OO
+. QUOE+QO
+, DODOE+Q0
+. QOOE+O0
+. O00E+00
+. DOOE+OQG
+, QOOE+OQO
+. QOOE+Q0Q
+, OOOE+OO0
+. DOOE+OO
+,. Q0O0E+0G
+, QOOE+QO
+, ODOE+00
+. 000E+0Q0
+, O00E+00
+. O0D0E+00
+.495E+00
~-.118E+01
- 291E-03
+.300E-02
-. 271E-02



«258E-Q3F [+t2/s]
167 LCgpd/+t1l

wn TRENSMISSIVITY T
023770 T

DATA SEGMENT ANALYZED :
- starting with data pair 39
- ending with data pair 41
. 9987052

DETERMINATION COEFFICENT =
e 2R L e L T R R L R S S e T e T
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IHHHNNNNHHMMMMNNNNNNNHHNNHHNHHNHHHHHNHNNHHNHHNNHHHNﬂMMNHHHHHNHHHHNHNHHNNNHNNN
FERMEABILITY FROM TIME-LAG TESTS
HHHHHHNNHMMHHHNNHHHHHHHHHHHNNHHNHHNHHHNHHNHMNHMNHMNMHHHNHNMHHHHHMHHHHHHMﬂNHHH

TITLE: 7 ERT-28B TIMELAG ANALYSIS

(E)nglish or (M)etric units? E

(Clonfined or (U nconfined conditions? U

Do you prefer to enter well radii as (I)nches or (Fleet? I

STANDFIPE RADIUS (inches) = 7 2
INTAKE RADIUS (inches) = 7 2
LENGTH OF INTAKE (feet or meters) = 7 44

DEFTH TO TOF OF INTAKE (feet or meters) = 7 5
STATIC WATER LEVEL., DEPTH (feet or meters) = 7 11.9
PURGE WATER LEVEL (FEET OR METERS) = 7?7 47.9

ARE THESE DATA CORRECT? (Y/N)7? Y
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ERT-28 TIMELAG ANALYSIS

. TIME WATER LEVEL DRAWDOWN H/HO
{seconds) (feets) (feet)

0 47.9 36.00 1
117 43.9 31.460 8777778
166.8 42 I0.10 8361111
172.89 41.5 29.60 . 8222222
187.2 41 29.10 . BOB3333
205.2 40.5 28. 60 « 7944444
220.2 40 28.10 . 7803556
237 39.5 27 .40 « 7666867
253.8 39 27.10 . 73927778
271.8 38.9 24. 460 . 7388889
289.8 I8 26.10 . 725
310.2 I7.9 29.60 7111111
327 37 25.10 OPT72222
345 36.30 24.60 6833333
3&64.8 36 24.10 . 6694444
385.2 T 35.5 23.40 . 6555556
405 35 23. 10 6416667
427.3 34.5 22.60 6277778
450 =4 22.10 - 5138889
472.°2 3E.5 21.460 )
494, 2 33 21.10 3861111
S20.8001 32.9 20,460 722222

‘ 543 32 20,10  .S5583IITT
568.2 F1.5 19.60 LSA444444
597 | 19,10 . B E0OO556
625.2 I0.5 18.60 S1664LA7
44, 2 0 18.10 - Q27778
S 7S 29.3 i7.60 48383889
702 29 17.10 475
732 28.9 16.60 44611111
763.2 28 16.10 - 4472222
793.2 27.5 15.460 «A3IIFIII3
g8246.8 27 15.10 4194444
862.8 26.5 14.460 « 4055556
F00 26 14,10 316667
1005 29.9 13.60 3777778

UNCONFINED AGUIFER

K = Q0.5E-04 cm/sec
= 1.2 gpd/ft2
= 0.2E-05 ft/sec
= 0.2 ft/day
REGRESSION COEFFICIENT = —-.998473
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 24, 1988
PUMPED WELL. ERT-29
OBSERVATION WELLS. ERT-29

CONTROL WELLS* none

BACKGROUND AND DESCRIPTION OF TEST.

Lithologic and completion logs and an illustration of the location of well
ERT-29 precede the aquifer test data which follow Prior to purging the
well, the depth to static water level below the top of casing in the pumped
well was measured using an electronic well sounder with accuracy to 0l
feet The well was purged with a submersible pump and water level
measurements were taken with the electric sounder about eight times
starting at 11 minutes into the test until the pump was shut off at 19 85
minutes after the start of pumping Recovery measurements were taken for
over seven hours following the test Only one flow measurements was taken
near the middle of the test using a five-gallon bucket and stop watch

The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s' = s-sZ/ZHo

where s’ = adjusted drawdown
s = measured drawdown and
Ho = initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test

Water produced from the test was pumped into temporary storage contalners
and eventually was dumped into the French Limited Lagoon

INTERPRETATION

Water level measurements were performed on the pumped well, ERT-29 The
adjusted drawdown data from the pumped well were analyzed using the
nonproprietary program JACOBFIT in the PUMPTEST package (Beljin, 1986)
available from the International Ground Water Modeling Center The program
is based on the Cooper and Jacob (1946) approximation of the Theis
equation The technique is appropriate for analyses of aquifer tests in
which the dimensionless parameter u = r“S/4Tt is less than 0 Ol
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where r is the radial distance between the pumped well
and observation well (feet),
S is the storage coefficiens (unitless)
T is the transmissivity (ft“/day), and
t is the time since pumping started (days)

The parameter "u" is less than 0 01 when the radial distance to the
observation well is small or when the time of pumping 1s long The
solution involves fitting a straight line to a plot of adjusted drawdown on
an arithmetic scale against the time since pumping started on a log scale
The change in drawdown over one log cycle of time is used to calculate
transmissivity. The JACOBFIT program allows the user to interactively
specify which data are to be used in fitting the straight line The
recovery data were analyzed using the RECOVERY program (Beljin, 1986) based
upon the Theis (1935) recovery method and available from the IGWMC The
RECOVERY program allows the user to interactively specify which data are to
be used 1n fitting the straight line

Assuming that the one pumping rate measurement is representative of the
average rate during well purging, the resulting transmissivity estimate 1s
330 gpd/ft using the drawdown data and 2158 gpd/ft using the recover
data The average hydraulic conductivity was determined to be 3 3x10°
cm/sec and 2 1x10"~ cm/sec respectively for the drawdown and recovery
results The storage coefficient could not be determined from the single
well test  The results of this analysis are attached

The results of the drawdown analysis should not be used since the test was
under the influence of significant well bore storage effects throughout the
entire pumping period The results of the recovery test are considered
fair given that only four of the recovery data points were outside the
significant influence of well bore storage The relatively poor comparisor
between the drawdown and recovery results is due largely to the influence
of well bore storage on the drawdown response Also the recovery response
would be less sensitive to possible fluctuations 1n pumping rate Given
the relatively large drawdown in the pumped well, it is possible that the
actual flows may have declined near the end of pumping Consequently, the
measurement which was taken during the middle of the test may be somewhat
higher that the average for the entire pumping period which would result in
a slight overestimation of transmissivity

Well bore storage effects were significant for the entire pumping period
The time when well bore effects were no longer significant was calculated
using the method of Schafer (1978) described in the B-2 1 and shown below

t, > 0 6(16-1)/(10.99/32 6¥) = 26.7 minutes

* drawdown at the last measurement in the pumping period 16 55
minutes after the start of pumping

Consequently, the drawdown data for the entire pumping interval should not
be used for interpretation. Likewise, since t, is greater than 26 7
minutes, only the last four recovery data points are in the range where
well bore influences are minimal.
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WELL TEST ERT-29
5/24/88
PROJECT NUMBER 26
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0 23&% 't oot Lot 2

A RESOURCE ENGINEERING COMPANY BORING LOG AND CONSTRUCTION

OF ERT- 29
Client _feli "2 CIAL ro, ORILLING AND SAMPLING INFORIMATION
Project Name _£: Zi =, 1= &= Date Staried _Z-26-8F ____ Dste Completed _3-25-¥7
Project Locatlon CRCZPY T R Method _M.d Rptar Total Denth 22 ¢¢
Job No. _4Zec- o™ -oc Boring No. _ERT-29 WELL COMPLETION INFORMATION
Logged By K. latel Screen Din. _d 1n  Length_S> L&
Approved B; Siot Slze __D, 018 ln Tyoe rve o
Diillod By Sowthwestern tabs  Driiler's Name_tes wWelcl Casing Dlg. _H 1= Length _webe ¢ €4,
’ o v |E E‘- 2 Elw 2
; AERFHE YR EEHP AL
iy OESCRIPTION | w |S5[525 8 g|%%| 2 s 13
w' ; a ] gLs w g e|l * 3 w
oz < 3 |§=|cue § |22 al~w
SUNTACE ELEVATION 1% |5 vl 2 ® e
—2 Lt browa sand aud geavel £l (.09 |o-1 Iss lle 9-3-2 By i
T Eirwm dark qray f_la’ with Saund par'h'uss (cH). ,l I,
- .0’) _L _L 1
¥/ o
& = Demst dark grag Gitky Fiat sand (gH), 22 l5s |S.c s-9-11 ° 1/4 ARE
E A=l v e
J c2.58' bt araw avd wrowa , With otcasional qravel and =]
1 < 4 3 - 5 ] -
'S _3 shell rr;j-nlu"s 3-2 |l <g |lo-C 2.6 o |- :i i
. - wd lae |is.e Sl 19 c |l
< — —_=]. .
3 I
-1 _ e e %.0° -
I toece ln medive dease light Aran and Yrewn dandy siid . - :
b+ -: N:" L f‘:c-ﬁ.-ll Mg.‘iu.m- Yo Crasse "\"d . »S £S i 2on-re - - -
3 =
E -23.n "-"‘“J F.rl-r(g and '-I'hn-!{, sceasicaal vork -cvnt)-cu‘.' —_
gz _E 2t lae a5 £-2.d S I i
3 =
e m e e e e e e e e = — =g.0° .
= Dense dark 1aw awdt light brewn 61ty (ine sand.
- N L ko L N
g GGuo'y o
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T ard peckedy avd siickemsides(cn). )
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4 — 1-q | ox |de.c y,o i A
= (43.0°) g
: e ki ! i i . —
43 ._H.Ju" e H“ Ariy e01ey WIE, with saud pckebs (ML), g-w for lus.e|2.5 o =l
5 = .
<o -3 su_| gz [Se.o n-22-2 ol Fl | .
3 -s4.0° I; >
- 540 ,'SH tam sz lor 1ss.0l 3.0 o . ]
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= F"H"j‘ (CH). 9.0 X -
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FRENCH LIMITED
CROSBY, TX
WELL ERT-29

DATE: S5/24/88

STATIC WATER LEVEL: 10.40 FEET

FUMPING RATE: 10.99 GPFM

DISTANCE TO OBSERVATION POINT: 1 FOOT

TOTAL DERPTH OF WELL: S50.57 FEET (SOUNMDED)
ARUIFER THICKNESS: S0.57 - 10.40 = 40.17 FEET

Time Since Time Since Depth

Pumping Pumping to Corrected
Started,t Stopped, t° Water Drawdown Drawdown, s’
(minutes) (minutes) (feet) {feet) (feet) Comments
10.98 38.92 28.52 18. 40 S gal/27.3 sec
11.60 39.02 28.62 18.42
12.17 37.80 29.40 18. 64
12.78 40,30 F0.10 18.82
13,43 41.00 30,60 18.95
15.25 41 .50 31.10 19.046
16.05 42,30 32.10 19.27 .
16.55 43, 00 I2.60 19,37
19.85 Fump O++
20.95 1.10 F8.00 27.60 18.12
21.18 1.33 37.90 27.10 17.946
21.33 1.48 JbH. S0 25.10 17.42
21.485 1.80 356,00 24, 60 17.07
21.34 2,03 4,00 23,60 16.67
22.17 2.32 3F3.00 22,60 16.24
22,38 2.593 32.00 21.460 15.7%
22.62 2.77 30.00 19.60 14.82
22.88 3.03 29.00 18.40 14.29
23.42 3.97 28.00 17.60 13.74
23.68 3.83 27.00 15. 60 13.17
23.97 4.12 26.00 15. 60 12.57
24,27 4.42 25.00 14. 40 11.95
24. 60 4.73 24.00 13. 60 11.30
24.95 9.10 23,00 12.60 10.462
25.32 9.47 22.00 11.60 7.93
25.73 S5.88 21.00 10.60 ?.20
26,20 6.35 20.00 2.60 8.45
26.70 6.8S 19.00 8.60 7.68
27.33 7.48 18.00 7.60 6.88
28.00 8.15 17.00 b. 460 4.06
28.87 ?.02 16.00 S.60 S5.21
29.90 10.05 15.00 4,460 4,34
J1.02 11.17 14.00 3.60 3.44
32.60 12,75 13.00 2.60 2.592
34.72 14.87 12.50 2.10 2.05
35.38 15.53 12.00 1.60 1.57
38.17 18.32 11.50 1.10 1.08
42.35 22.50 11.50 1.10 1.08
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ERT-29 Page

2

Time Since
Pumping
Started,t
(ninutes)
51.42
147.00
225.10
450,25

Comments

Time Since Depth

Pumping to Corrected

Stopped, t° Water Drawdown Drawdown, s’

(minutes) (feet) (feet) (feet)
31.57 10.81 0D.41 Q.41
127.15 10.58 0.18 0.18
205.20 10.58 0.18 0.18
440,40 10.56 0.16 Q.16
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of 2 e I I I I 2 I 96 W I I 6 W NI e eI I I I N TN

2ok ok ok & k%

programs:
version:

JacobFit

IBM PC 1.

0

A PROGRAM FOR PUMP TEST AMALYSIS USING JACOB'S
FORM OF THEIS ERUATION AND LEAST SGUARES® METHOD.

¥ ¥k %k % k ok %k

3 36 3 36 99 93 I 36 36 6 W 3 9 I I KK KK I I IR A IR N I WX

PROJECT . cannanas
LOCATION. s wusns
WELL.oosuunsnunan
DATE. s canuunurua

STATIC WATER LLEVEL

DISCHARGE RﬁTE.IIIIIIlIII.III
DISTANCE OF OBSERVATION POINT

r4
o

BN

TIME [minl]

TRANSMISSIVITY T

STORATIVITY 8

DATA SEGMENT
- starting with data pair 6
with data pair 8

- ending

FRENCH LIMITED

CROSBY, TX
ERT=-29
S5/724/88

S.W.L.

DRAWDOWN L[ft1]
18. 400
18.420
18. 640G
18.820
18.925¢
19,060
19.270
19.370

P Z11E-GE

10.4 [ft]

10.979 [gpml

1 Cft1l

« QOOE+QO0
« DOOE+00
« DOOE+0O0
« QUOE+QQ
« ZASE~Q4
« 3IE0E-0Z
» SO1E-02
. FS0E-0OL

L+t2/s]

IEO Lgpd/sfel

« 709E-02

ANALYZED =

DETERMINATION COEFFICENT = 9982535

DEVIATION
+. ODOE+OO
+. QODE+OQ
+. OO0E+OG
+. DDOE+O0
+.374E-01
—.AR7E-02
+.107E-01

—. 6IFE-02

W3 36 e W e 33 I T T I NN I A I I TN W e He W I N W2 TSN N
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Ea+IT
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T0+1T

90 H6ZI4T (AT14
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|||||||||||||||
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*

* k &k k ¥k *k

program:
version:

Recovery
IBM PC 1.0

A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S

FORM OF THEIS ERUATION AND LEAST SEUARES® METHOD.

* ¥ ok Xk k ¥ ¥

3 9 3 9 3 3 o 336 I I I W I I 6 3 W o I I K I I I K I I K KW NN

PROJECT . s s auanns
LOCATION. casssus
WELL.erseennasnnnn
2

STATIC WATER LEVEL
DISCHARGE RATE.'I.II.IIII.III
DURATION OF PUMPING PERIOD...

rd
O

L ]
OGN AR

f]
DO

o

15
1&
17
13
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

TIME t'Cminl

127.15
203.20
440,40

TRANSMISSIVITY T

T

FRENCH LIMITED

CROSBY, TX
ERT-29
S/24/88

S.W.L.

TIME £ Lminl

10.4 Cft1l

10.99 [gpml
19.85 Cminl

20.95
21.18
21.33
21.65
21.88
22.17
22.38
22.62
22.88

23.42
23.468
23.97
24,27
24,60
24.935
25.32
23.73
26.20
26.70
27.33
28.00
28.87
29.90
31.02
32.60
34,72
35.38
38.17
42.35
51.42
147.00
225.05
450.25

.334E~02 [ft2/s]
2158 [gpd/ft]

DATA SEGMENT ANALYZED :

- starting with data pair
with data pair

- ending

30
33

t/7t’ DRAWDOWN s'C+t1]
19.05 18.120
15.92 17.960
14.41 17.620
12.03 17.070
10.78 16.670
?.58 15. 240
8.83 15.790
B.17 14.820
7.089 14.2%6
L0686 15,740
&H.18 13.170
S.82 12.570
2. 49 11.95
3.18 11.300
4.89 10,820
4.463 ?.7230
4.38 ?.200
4.13 8.450
.90 7.680
3.65 6.880
3.44 6. 060
3.20 S.210
2.98 4.340
2.78 3.440
2.596 2.520
2.33 2.050
2.28 1.370
2.08 1.080
1.88 1.080
1.63 0.410
1.16 0.180
1.10 0.180
1.05 0.160
B-142

DEVIATION
+. GOOEA+QO
+. 000E+DOC
+, DOOE+OL:
+. Q00E+OG
+, OOOE+OQ
+. QOOE+Q:
+, QUOE+CD)
+. D00E+DD
+., OOOE~-OO
+. DOOE+Q
+, QOOE+Oi
+. GOOE+(4:
+ . OO~
+ . QUOE+C
+ . DQOE+un:
+. QO0E+OC
+. OOOE+0Q0
+ . OO0E+00
+. QOOE+0O0
+. QO0E+0Q0
+. QOOE+OQU
+. O00E+OO
+,. OOOE+QC
+. Q0OE+00
+, O0D0OE+Q0
+. 000E+0Q0
+. 000E+QO
+. 000E+00
+,. 208E+00
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FRENCH LIMITED SITE
PRELIMINARY AQUIFER TESTING RESULTS

DATE OF TEST May 24, 1988
PUMPED WELL ERT-30
OBSERVATION WELLS  ERT-30

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

Lithologic and completion logs and an illustration of the location of well
ERT-30 precede the aquifer test data which follow. Prior to purging the
we’l, the depth to static water level below the top of casing in the pumped
well was measured using an electronic well sounder with accuracy to 01
feet The well was purged with a submersible pump No water 1level
measurements were taken before the well bore was pumped dry and the pump
stopped at 2 0 minutes into the test Recovery measurements were taken for
over eight hours following the test  Because of the short duration of tte
test, no flow measurements were taken during the short pumping interval

The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s' s-52/2Ho

where s’ adjusted drawdown
s = measured drawdown and
Ho initial saturated thickness

The attached data sheet presents the measurements from the aquifer test
analysis including the observed drawdowns and the corrected drawdowns No
observation wells were measured during the test The water level at the
end of purging was estimated by extrapolating the early recovery data back
to time zero on a semilog recovery plot

Water produced from the test was pumped into temporary storage containers
and eventually was dumped into the French Limited Lagoon

INTERPRETATION.

Water level measurements were performed on the pumped well, ERT-30 The
adjusted drawdown data from the pumped well were analyzed using the
nonproprietary pump test program RECOVERY (Beljin, 1986) available from the
International Ground Water Modeling Center The results of that analysis,
which follows, are considered to be poor because of the short pumping
period. Uncorrected drawdown data were analyzed by use of the program
TIMELAG (Thompson, 1987) also available from the International Ground Water
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Modeling Center The TIMELAG program is based upon the technique of
Hvorslev (1951) for the interpretation of slug tests. A slug test analysis
was thought to be appropriate because of the short pumping period

The analysis wusing TIMELAG assumes that the well bore is evacuated
instantaneously and thus does not require a pumping rate measurement The
method is not sensitive to the finite time needed to evacuate the well bore
provided it 1s several orders of magnitude shorter than the recovery
response period. The water level was not measured until almost 2 5
minutes after purging stopped because of the pump removal activity The
water level at the end of purging was estimated by extrapolating the
recovery data back to time zero on a semilog plot The transmissivity
calculated wusing TIMELAG is 63 gpd/ft and the average hydraulic
conductivity is determined to be 7.43x10°” cm/sec The storage coefficient
could not be determined from the single well test

The results of this analysis are attached The results of the slug test

analysis are considered fair given that slug tests generally provide only
order-of-magnitude estimates of transmissivity
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. FRENCH LIMITED
CROSBY, TX
WELL ERT-30

DATE: 5/24/88

STATIC WATER LEVEL: 13.70 FEET

FUMPING RATE: 11 GFM ASSUMED FROM DTHER TESTS. WELL WAS PUMFED DRY PRIOR
TO MEASURING @

DISTANCE TO OBSERVATION POINT: 1 FOOT

TOTAL DEFPTH OF WELL: 58.40 FEET (S50UNDED)

AGUIFER THICEKNESS: S58.40 — 13.70 = 44.70 FEET

Time Since Time Since Depth

Fumping Fumping to Corrected
Started,t Stopped, t°' Water Drawdown Drawdown, s°
(minutes) (minutes) (feet) {(feet) (teet) Comments
2.00 . Fump Off,
Well Dry
5.2% 3.23 39.91 26.21 18.33F
S5.70 3.70 39.00 25.30 18.14
&, 27 4,27 38.00 24,30 17.6%
4.57 4.57 37.590 23.80 17.446
6.88 4.88 37.00 23.30 17.23
7.22 S5.22 34,30 22,80 16.99
Q 7.33 3. 33 FLH.00 22.30 16.74
7.87 5.87 35.50 21.80 16.48
.18 6.18 F5.00 21.30 16,23
8.52 &.32 Z4.50 20,80 15.94
8.83 &.85 34,00 20,30 15.6%
.23 7.23 23.30 19.60 15.30
7.958 7.98 F5.00 19.30 15.13
.92 7.22 F2.30 18.80 14.85
10,30 8.30 32.00 18.30 14.55
10,68 8. &8 31.50 17.80 14,286
11.07 .07 F1.00 17.30 13.95
11.45 ?.45 30.50 16.80 13.64
11.90 .90 30.00 16.30 13.33
12.28 10.28 29.50 15.80 13.01
12.70 10,70 27.00 15.30 12.68
15.05 13.05 246.50 i2.80 10.97
15.38 13.58 246.00 12.30 10.41
16.12 14,12 25.50 11.80 10.24
16.72 14.72 25.00 11.30 ?.87
17.33 15.33 24,30 10.80 ?.50
1i8.02 16.02 24.00 10.30 9.11
18.73 16.73 ) 23.50 ?.80 8.73
19.53 17.53 23.00 ?.30 8.33
20,33 18.33 22.30 8.80 7.93
79.73 77.73 15.50 1.80 1.74
. 173.70 171.70 14,02 0.32 0.32
253.50 251.50 13.88 0.18 0.18
489,70 487.90 1%.78 0.08 0.08
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program: Recovery
version: IBM PC 1.0

A PROGRAM FOR PUMP TEST ANALYSIS USING JACOEB'S
FORM OF THEIS EQUATION AND LEAST SGUARES® METHOD.

* %k %k k ¥k %k *k

I e 6 I JE 96 I e I K N AW NI W W W NN He N W AN W e W I N W R K

PROJECT.iaanuuns
LOCATION. s e asas
WELL.voivununans
DATE. s enuaenunns

STATIC WATER LEVEL

DISCHARBE RATEIII.IIIIIIIIIII
DURATION OF FUMFING FPERIOD...

r4
a

24
20
26
27
28
29
30
31
32
33
34

TIME £ 'LCminl

10.70
13.05
13.58
14.12
14.72
15.33
16.02
14.73
17.53
18.33
77.73
171.70
251.50
487.90

TRANSMISSIVITY T

DATA SEGMENT ANALYZED :

T

FRENCH LIMITED

CROSBY, TX
ERT-30
5/24/88
S.W.L. = 13.7 [ft]
= 11 Lgpml
= 2 [minl

TIME €t Lminl t/t’

5. 23 1.62
S.70 1.354
&, 27 1.47
&.57 1.44
. 88 1.41
7.22 1.7358
7.53 1.3&
7.87 1.324
8.18 1.32
8.52 l.351
8.85 1.29
?.23 1.3
7.98 1.2
?.92 1.25
10.30 1.24
10.68 1.23
11.07 1.22
11.43 1.21
11.90 1.20
12.28 1.19
12.70 1.19
15.05 1.15
15.58 1.15
16.12 1.14
16.72 1.14
17.33 1.13
18.02 1.12
18.73 1.12
19.53 1.11
20.33 1.11
79.73 1.03
173.70 1.01
253.50 1.01
489.90 1.00

.243E-04 [ft2/s]
16 C[gpd/+t1

DRAWDOWN s 'L+t

18.530
18.140
17.690
17.460
17.230
14.990
16.74¢
146.480
16,230
15.960
15, 690
15,300
15.130
14.850
14,3550
14,260
13,950
13.4640
13.330
13.010
12, 4680
10.9270
10.610
10.240
?.870
?.3500
?.110
8.730
8.330
7.930
1.760
0.320
0.180
0.080
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1’— ending with data pair 34

DETERMINATION COEFFICENT = .999546&8
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IMNMNMMNMNNNNNNNMNNMNNHNHMHNHMNHNNNHNMNHMNNNNNNHNHNHHNMHNHNNHHHHNHNMHNHNHHHHN
PERMEABILITY FROM TIME-LAG TESTS
HNNNNNNNNHHHMHMMMMMMMMHHMNHHHHHNNMNNMHMHMNMNNNMNNHMHMMNNNNMHNHHHNHHHNNMMNMNHN

TITLE: 7?7 ERT-30 TIMELAG ANALYSIS

(E)nglish or (Metric units? E

(Confined or (Ulnconfined conditions™ U

Do you prefer to enter well radii as (IJnches or (Fleet? I
STANDPIPE RADIUS (inches) = ? 2

INTAKE RADIUS {(inches) = 7 2

LENGTH OF INTAKE (feet or meters) = ? 44

DEFTH TO TOFP OF INTAKE (feet or meters) = 7?7 5

STATIC WATER LEVEL, DEPTH (feet or meters) = ? 13I.7

PURGE WATER LEVEL (FEET OR METERS) = ? 47.1

ARE THESE DATA CORRECT? (Y/M)? Y
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ERT-30 TIMELAG ANALYSIS

TIME WATER LEVEL DRAWDOWN H/HO

{(seconds) (feets) (feet)
0 47.1 33.40 1
193.8 39.91 26.21 « 7847305
222 39 25.30 . 757485
256.2 38 24.30 « 7275449
274.2 37.5 23.80 . 7125748
292.8 37 23.30 . 69276048
313.2 346.5 22.80 6826347
331.8 ) 22.30 6676647
352.2 35.9 21.80 . 65262446
370.8 35 21.30 6377245
3F91.2 34.5 20.80 6227545
411 34 20,30 . &077845
433.8 33.3 19.60 . 984682464
454.8 33 192.30 «. 3778443
4735.2 32.5 18.80 . 0628743
498 32 18.30 » 34739042
920.8001 31.5 17.80 « 3329341
544.2 31 17.30 5179641
967 30.9 14.80 « 902994
594 30 16.30 . 4880239
h1&6.8 29.5 15.80 « 4730539
bH42 29 15, 30 . 4530838
783 26.5 12.80 . 3832335
2814.8 26 12,30 « SEBR63S
847.2 25.9 11.80 2 SOS2934
883, 2 25 11.30 R = 9]
719.6 24,5 10,80 « 32335332
g&61.2 24 1G.30 . 2083832
10035 23.95 9.380 s 2PELLTE2
1051.6 23 .30 . 2784432
1099.3 22.5 8.80 « 2634731

UNCONFINED ARUIFER
K 0.7E-04 cm/sec

1.4 gpd/+t2
0.2E-05 ft/sec
0.2 ft/day

REGRESSION COEFFICIENT = -.92998974
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ATTACHMENT 2

UPPER ALLUVIAL ZONE PUMP TEST DATA AND INTERPRETATION
FRENCH LIMITED SITE,
Crosby, Texas

August 5 to August 15, 1988

B-155



023737

FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST® August 8, 1988
PUMPED WELL: REI-10-2

OBSERVATION WELLS" REI-10-3, radial distance 80 88 feet and
REI-10-4, radial distance 53 77 feet

CONTROL WELLS mnone

BACKGROUND AND DESCRIPTION OF TEST

The original work plan included testing well REI-10-3 In the review of
the work plan, Ms Kathleen O'Reiley of Region VI of the U S EPA expressed
concern that the REI-10-3 well may not be representative because of the low
transmissivity associated with the single well recovery analysis of the
short term (15- minute) test performed on May 26, 1988 It appeared that
the low transmissivity calculated from the short term single well test
results could have been due to well inefficiency as suggested by the low
pumplng rate and large drawdown in this well Such well inefficiency would
also cause well bore storage effects to be significant for unconfinec
conditions, Well bore effects could also contribute to the lower
transmissivity estimate for this short term test

It was agreed by personnel from Region VI of the U S EPA that contractors
to the French Limited Task Group, Inc would perform a step-drawdown or
variable rate test on wells REI-10-2, REI-10-3 and REI-10-4 1in order to
select a well for a six- to eight-hour pumping test The contractors
performing the pump test, Applied Hydrology Associates, Inc (AHA) and ERT,
proposed to pump each well for 30 minutes at 1 5 gpm, then raise the
pumping rate to 2 5 gpm for 30 minutes and then pump for an additional 30
minutes at a higher rate if drawdown had not approached the pumping level

It was agreed that the test would be terminated if drawdown to the pump
caused the pumping rate to drop significantly. Recovery measurements would
be taken following termination of pumping

A variable rate test was performed on well REI-10-2 by AHA and ERT
personnel Lithologic and well completion logs and an illustration of the
location of the pumped well, REI-10-2, and the observation wells, REI-10-3
and REI-10-4, precede the aquifer test data which follow.

Prior to pumping the well, the depth to static water level below the top of
casing in the pumped well and the observation wells was measured using an
electronic well sounder with accuracy to 01 feet The well was pumped
with a submersible pump and water level measurements were taken with an
electronic sounder on the pumped well and on wells REI-10-3 and REI-10-4
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The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions

s' = s-s2/2Ho

where s’ = adjusted drawdown
s = drawdown and
Ho = initial saturated thickness

The attached data sheets present the measurements for the pumped well and
the observation wells during the drawdown and recovery periods The data
sheets 1nclude the observed drawdowns and the corrected drawdowns

Because of the low yield obtained from well REI-10-2, the flow as measured
by an in-line Rotometer was set at a rate of 1.0 gpm Several measurements
with a five-gallon bucket and stop watch showed the actual rate to be 0 83
gpm It was decided to pump at this rate for at least one hour in order to
overcome well bore effects. However, the drawdown reached the pump level
afzer 34 minutes of pumping, so it was necessary to reduce the pumping rate
to about 0O 4 gpm as shown by the Rotometer Subsequent measurements with a
five-gallon bucket and stop watch showed this pumping rate to be about 0 59

gpm

The well was pumped at about 0 59 gpm until drawdown approached the pump
level Pumping was terminated after pumping at this rate for about 66
minutes The total pumping time was one hour and 40 minutes Recovery
measurements were taken from the pumping well and the observation wells for
about 165 minutes following termination of pumping

Water produced from the test was pumped directly into the French Limited
Lagoon

INTERPRETATION:

The observation well REI-10-3, 1located 80 88 feet from well REI-10-2,
showed a very slight response due to pumping well REI-10-2 The drawdown
was insufficient to match with a Theis or Boulton type curve The drawdown
in well REI-10-4, located 53 77 feet from well REI-10-2, was slightly
greater and sufficient to allow for a satisfactory match with a Boulton
Delayed Yield type curve The drawdown data are attached and the results
of this analysis are provided in Figure A2-1

The transmissivity calculated using the Boulton Delayed Yield type curve
with r/B = 2.0 is 142 EPd/ft and the average hydraulic conductivity is
determined to be 4.8x10-" cm/sec. The estimated storage coefficient from
the early response is 0 00086 The results of this test are thought to be
poor and only provide order-of-magnitude estimates In order to apply the
Boulton type curve, it was necessary to assume that the pumping rate was
constant during the entire pumping period. However, the actual pumping
rate declined after about 35 minutes into the test because of the rapid
drawdown to pump level
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The u value at the radius of the observation wells was too large to permit
satisfactory application of the semi-log techniques such as that of Birsoy
and Summers for variable pumping rates The technique is appropriate for
analyses of aquifer tests in which the dimensionless parameter u = r“S/4Tt
is less than 0 01

where r is the radial distance between the pumped well
and the observation well (feet),
S is the storage coefficisnt {dimensionless), and
T is transmissivity (feet®/day)
t is the time since pumping started (days)

The parameter "u" is less than 0 01 when the radial distance to the
observation well is small or when the time of pumping is long The "u"
value at well REI-10-4 at the end of pumping well REI-10-2 was 0 50 using
the transmissivity and storage coefficients from the Boulton Delayed Yield
analysis in Figure A2-1. The semi-log technique would be applicable to the
pumped well, but the pumped well drawdown response was found to be highly
influenced by well bore storage

Well bore storage effects were significant for the entire pumping period
The time when well bore effects were no longer significant was calculated
using the method of Schafer (1978) described in Section B-2 1 and shown
below

tc > 0 6(16-1)/( 672/34 01%) = 455 5 minutes

* drawdown at the last measurement 1in the pumping period, 99 minutes
after the start of pumping rather than at time tc

Drawdown values for the pumped well are included in the attached data
sheet Following the procedures of Birsoy and Summers (1980), an adjusted
time was calculated for the drawdown data and a dimensionless time was
calculated for the recovery data Well bore effects had a significant
influence on the entire portion of the response data Thus the semi-log
analysis technique could not be used to provide an estimate of the
transmissivity from the drawdown data from the pumped well Likewise,
since tc is greater than 455 minutes, the recovery data points are also
subject to significant well bore storage influences.
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RESOURCE ENGINEERING

SUBSURFACE EXPLORATION

Sheet _1_of 1

LITHOLOGIC LOG AND CONSTRUCTION
OF REI 10-2

Cllent

FRENCH LTD. TASK GROUP . DRILLING AND SAMPLING INFORMATION
Project Name __Franch td. 1986 F.I.

Date Completed _8/8/86

ST - PRESSED SHELBY TUBE RC - ROCK CORE

B-160

CFA - CONTINUOUS FLICHT AUGERS

MO - MUD DRILLING

Project Location Crosby, Texas Method —lii N Total Depth_______48.0 FFEY
Job No. 275-14 Boring No. _10-2 WELL COMPLETION INFORMATION
Logged By S. L. Baird Scraen Dla. " Length 11.2%'
Approved By Slo1 Size 0.010" Type PYC
Drilled By _GCC Casing Dia. " Length 36.61
¢ | & 5 [8] B¢
-~ STRATUM | = = w .51
£ DESCRIPTION eevaton| w | o | & | 213w |
&t IN FEET Y & w a |28 |8
oz 3 3 « < al=
SURFACE ELEVATION 11.90 1 a " o e ls
—0
1 SAND ARD GRAVEL
-
= 2.9
10 —4 SLIGHTLY CLAYEY SAND .9 -
= SILTY SAKD
= |
— 1
-3 1
3 !
pu 1
20 - 1
3 -16.1
s SILTY CLAY -
30 =20.1
5‘ SILTY SAND, gray green, strong odor, vet
- 1 __| SS |
3 1 5% |
a0 3 » P o o . :
— SLIGHTLY CLAYEY SAXND, gray with yellowish browvn stain, some lignite chips 2 E‘-:
: b} ALy
= : =35.1 g
S /sILTT cLay | o35.1 6 |58
_T] T® 4F.0 BORIN. (8") DRILLED TO 36'. CONTINUOUSLY SAMPLED IN 3-7/8" BORLNG S -
50 - T 39.5. CUPPER HOLE COMPARED WITH CONTINUOUS SAMPLE LOG FROM ADJACENT
2 1c-1, ELECTRIC LOGGED. FOUR INCH MONITOR WELL SET WITH FLUSH VALVE, &
=) SCH &0 PVC FLUSH JOINTED CASING, AND 0.010" Si.O0T SCREEN #3 SAMD USED IN
=] SAKD PACK, 1/2" BENTONITE PELLETS IN SEAL CROUTED TO SURFACE WiTH CEME:NT/
3 BENTONITE SLURRY. WELL CATPED AND VENTED. ELEVATION OF TOP OF CASING
_=j SURVEYED. -
b
] -
pu
SAMPLER TYPE BORING METHOD
$S - DRIVEY SPLIT SPOON  CA - CONTINUOUS FLIGHT AUGER HSA - HOLLOW STEM AUGERS DC - DRIVING CARING
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Sheet 1_of J_
LITHOLOGIC LOG AND CONSTRUCTION
|
v SUBSURFACE EXPLORATION OF RE! 10-3
Client o —__FRENCH _LTD, TASK CGROUP CRILLING AND SAMPLING INFORMATION
Project Name ___Yrench Lrd, 1986 F.I Date Staried __2/22/86 __ _ Daste Completed ___7/27/86
Projoct Location 3 Method MR Total Depth ____4R.0 FFET
Job No. 275-14 Boring No. __10-3 WELL COMPLETION INFORMATION
Logged By S, L. Baird Screen Dia. [ Length 10,30’
Approvec By Slot Size 0.010" Type PVC
Dritled By A Casing Dia.. [ Length 29.66
w > Q 2 -
] . = [+] [
Py STRATUM | Z = w : S g1z
- SCRIPTION ELEVATION| w o W |ow | =
& o wreer | € | & S |lE|ve|cs
oz 23| = |g 31|z
SURFACE ELEVATION 13.80 w13 v |a o |z
— 0 - o
=| SURFACE FILL AND CRAVEL 10.7
SAND AND GRAVEL
4.)
1o SLICHTLY CLAYEY SALD 2.6
SILTY SAND
20
o
-18.6
SANDY SILT/CLAYEY SILT
-24.2
0 SILTY SAND/SANDY SILT
H
i
1
LACERY SLLTY CLAY. reddish brewm =33.1 1 | ss |s3
50 T 4R.0 BORING (8") DRILLED Tn 48'. ELECTRIC LOGGED AXD COMPARED WITH -3,/

CORTIRUQUS ﬁﬁ‘ﬂ‘LE LOG FROM ADJACENT 10-1.
WITH FLUSH

GROUTED TO SURFACE WITH CEMENT/BENTONITE SLURREY.
ELEVATION OF TOP OF CASING SURVEYED.

IllllLlIIl'lllll'llIllllllllllllIllllllIIlllllllllIlIlH|I||lllllllL1|JlllJI|lI|I lllllLLlIIlIlIllllllLlIIlllIlllLl

—

FOUR INCH MONITOR WELL SET
VALVE, 4" SCH 40 PYC FLUSH JOINTED CASING, AND 0.010" SLOT
SCREE: 73 Sn.-D USED IN SAKD PACK, 1/2" BENTONITE PELLETS IN SEAL.

WELL CAPPED AND VENTED

RIYY
S8 - DRIVEN $SPL)T SPOON CA - CONTINUOUS FLIGHT AUGER
ST - PRESSED SHELBY TUBE RC - ROCK CORE

B-161
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HSA - HOLLOW STEM AUQERS
CFA - CONTINUOUS FLI3HT AUGERS

BORING METHOD
DC - DRIVING CABING

MD - MUD DRILLING
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,f;) RESOURCE ENGINEERING Lar

SUBSURFACE EXPLORATION LITHOLOGIC LOG AND CONSTRUCTION

OF RE! 10-4
Cliont FRE:CH LTD, TASK GROUP DRILLING AND SAMPLING INFORMATION
Project Name ___French Ltd, 1966 F.[, Dafe Started _7/28/86 ____ Date Complalod__u_uu_
Project Localion _Crosbv, Texas Method — MR Total Depth
Job No. 278-24 Boring No._10=4___ WELL COMPLETION INFORMATION
Logged By S, 1. Baird Screen Dla. __ 4" ____ Lengih 12.80°
Approved By Slot Size —_0.010" Type PVC
Dritted By Skl Casing Din. ___4° ______  Length 36,99
; | & 5|8 §|¢
o
- STRATUM | = z w ; R .E_‘ 2
-u DESCRIPTION ELEVATION w w o b4 - W -
3 mrEeT | S | @ R ERE-
ez 2 2 « < 3l
SURFACE ELEVATION 14.40 @ » L ] o (=
— 0 Ty v
Z] SURFACE FILL, tubber ;t’-.-t, QA
- -
= 8.4 .
=] SAND AND GRAVEL 5.9
10 ~— CLAYEY SAND i
3 1.9
4 sy sano
20
3 ~14.1
o] SANEY SILT .
30— S 7.3
3 craiev SILT .
- —_— . -20.6
= SI.IGHTLY SILTT CLAY -22.6
ZITSILTY SARD/SARUY SILT
40 —d
3 -33.6
] T 48.0 BORING (8") DRILLED TO 48.0'. ELECTKIC LOGGED AKD COMPARED WiTH
50 =3 couTiNUOUS SAMPLE LOG FROM ADJACENT 10-1. FOUR INCH MONLTOR WELL SET
] WITH FLUSH ¥ALVE, 4" SCH 40 PVC FLUSH JOLNTED CASING AND 0.010" SLOT
=] SCREEil #3 SAND USED IN SAND PACK, 1/2" BENTONITE PELLETS IN SEAL.
-] GROGUTED TO SURFACE WITH CEMENT/BENTONITE SLURRY. WELL CAPPED AND VENTZD.
Z] ELEVATIOR OF TOP OF CASING SURVEYED.
-
E
3
=
p
b
3
—
-
SANMPLER T1YPE BORING METHOD
£§ - DRIYEN SPLIT SPOCN  CA - CONTINUOUS FLIGHT AUGER HSA - HOLLOW STEM AUGERS DC - DRIVING CASING
ST - PRESSED SHELBY TUBE RC - ROCK CORE CFA - CONTINUOUS FLIGHT AUGERS  MD - MUD DRILLING
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STEP DRAWDOWN TEST - WELL REI-10-2

Saturated Thickness 42 11 feet Date 8/8/88

static water level 5 89 feet

TIME-t DEPTH DRAWDOWN ADJUSTED t-Ti Adjusted s/Q RECOVERY t/t'
DRAWDOWN time TIME-t'
min ft ft ft min min
0 00 5 89 0 00 0 00 0 00 0 00
1 00 8 08 2 19 2 14 100 257
2 50 9 50 3 61 3 46 250 416
4 50 12 17 6 28 5 81 4 50 7 00
6 00 13 63 7 74 7 02 6 00 8 46
7 33 15 39 9 50 8 43 7 33 10 16
3 00 17 29 11 40 9 86 9 00 11 88
11 00 19 33 13 44 11 30 11 00 13 61
13 33 21 13 15 24 12 48 13 33 15 04
15 17 22 58 16 69 13 38 15 17 16 13
15 50 23 75 17 86 14 07 16 50 16 95
20 00 26 58 20 69 15 61 20 00 18 81
22 50 28 00 22 11 16 31 22 50 19 65
27 50 30 88 24 99 17 57 27 50 21 17
32 17 33 29 27 40 18 49 32 17 22 27
36 50 33 75 27 86 18 64 2 00 118 95 31 60
39 00 33 54 27 65 18 57 4 50 93 88 31 48
40 00 34 75 28 86 18 97 5 50 89 66 32 15
1 50 34 88 28 99 19 01 7 00 85 60 32 22
43 00 34 96 29 07 19 04 8 50 83 15 32 26
45 00 35 10 29 21 19 08 10 50 81 34 32 34
50 00 35 70 29 81 19 26 15 50 80 51 32 64
55 00 36 40 30 51 19 46 20 50 82 17 32 98
62 50 37 60 31 71 19 77 28 00 86 64 33 51
67 00 38 00 32 11 19 87 32 50 89 93 33 67
72 00 38 50 32 61 19 98 37 50 93 88 33 87
77 00 38 80 32 91 20 05 42 50 98 06 33 98
83 00 39 25 33 36 20 15 48 50 103 27 34 15
89 00 39 57 33 68 20 21 54.50 108 65 34 26
98 00 39 87 33 98 20 27 63 50 116 92 34 36
99 00 39 90 34 01 20 28 64 50 117 85 34 37
105 00 39 20 33 31 20.14 5 00 1028 87 34 13 500 21
106 50 38 45 32 56 19 97 6 50 569.99 33 85 6 50 16
107 00 38 00 32 11 19 87 7 00 483 34 33 67 7 00 15
107 63 37 50 31 61 19 75 7 63 399 13 33 47 7 63 14
108 17 37 00 31 11 19 62 8 17 344 03 33 25 8 17 13
108 80 36 50 30 61 19 48 8 80 292 30 33 02 8 80 12
109 40 36 00 30.11 19 35 9 40 253 35 32 79 9 40 11
110 00 35 50 29 61 19 20 10 00 221 73 32 54 10 00 11
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00
38
29
10
24
36
64
00



110
112
113
114
116
118
119
121
123
126
128
131
233
136
139
143
1445
150
154
164
176
192
215
266
270

68
00
43
80
47
20
97
87
97
23
63
15
77
i3
90
02
53
37
53
22
40
50
00
08
42

021815

35.

34
33
32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
15
13
11

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
86

29
28
27
26
25
24
23
22
2]
20
19
18
17
16
15
14
13
12

Q- W

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
97

19
18
18
18
17
17
16
16
15
15
14
14
13
13
12
11
11
10

O W oy o

05
73
38
02
62
21
77
31
82
31
77
22
63
03
40
75
07
37
64
12
51
80

10
12
13

14,

16
18
19
21
23
26
28
31
33
36
39
43
46
50
54
64
76
92

00 115
10 166
96 170

68
00
43
80
47
20
97
87
97
23
63
15
77
33
90
02
53
37
53
22
40
50
00
08
42
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192
150
118
97
78
64
53
45
37
32
27
23
20
18
15
13
12
10

NN WS ONS O

50
50
93
44
50
32
65
04
89
06
36
56
49
10
50
74
14
76
57
60
05
80
80
71
66

32
31
31
30
29
29
28
27
26
25
25
24
23
22
21
19
18
17
16
13

e,

29
74
16
53
87
17
42
64
81
95
04
09
11
08
02
91
76
57
35
77
03
14
08
86
63

10
12
13
14
16
18
19
21
23
26
28
31
33
36
39
43
46
50
54
64
76
92
115
166
170

68
00
43
80
47
20
97
87
97
23
63
15
77
33
90
02
53
37
53
22
40
50
00
08
42

HFHEENMNNONNDNNDWWWWLWWAERPPRPUULOAONNNOWOYWO

36
33
L4
76
07
49
01
57
17
81
49
21
96
75
51
32
15
99
83
56
31
08
87
60
59



Saturated Thickness
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OBSERVATION WELL - REI-10-3

STEP DRAWDOWN TEST OF WELL REI-10-2

static water level

42 5 Date

55

TIME-t DEPTH DRAWDOWN ADJUSTED
DRAWDOWN

min

PO O OOV PR WO

H PR e

[ N ol
o w

tn

30
35
40
45
50

55.

60
65
70
75
80
85
94
100
101
102
103
104
105

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

LUuunuubuuLuuuuuuUuuuuuUuuuUuuuuumuuug o n

[SANV, RV, IV, Y

ft

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
51
51
51
51
51
51
51
50
50
30
50
50
50

50
50
50
50
50

ft

[=leNeNeNoNoNoNeoNoNoNoNoNoNoNoNoNoNeoNoNoNoNoNoNoNoNoNoNoNoNeo Nel

COOO0O

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01
01
01
01
01
01
01
00
00
00
00
00
00

.00

00

.00

00
00

ft

[=l>Re oo NoNoNeNoNoNoNoNeNoNoNoNoNoNeoNoNoNoNoNoNoNeoNeoNo oo Ne

COOOO0

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01
01
01
01
01
01
01
00
00
00
00
00
00

00
00
00
00
00

8/8/88

RECOVERY t/t’

TIME-t’
min

1 00 101 00

2 00
3 00
4 00
5 00

B-165

51 00
34 33
26 00
21 00



110
115
120
125
130
135
140
145
150
155
160
70
180
190
200
230
260

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

023897

nmuuunmuuuuuuuunun v

50
50
50
49
49
49
49
50
50
49
49
49
49
48
48
47
49

-0
-0
-0
-0

-0
-0
-0
-0
-0
-0
-0
-0

00
00
00
01
01
01
01
00
00
01l
01
01
01
02
02
03
01

-0
-0
-0
-0

-0
-0
-0
-0
-0
-0
-0
-0

00
00
00
01
01
01
01
00
00
01
01
01
01
02
02
03
01

10
15
20
25
30
35
40
45
50
55
60
70
80
90
100
130
160

00 1
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

HFHENNMNMNMNMNDNNONNNWWWWEREUO -
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00
67
00
00
33
86
50
22
00
82
67
43
25
11
00
77
63



Saturated Thickness

02388

OBSERVATION WELL - REI-10-4

STZP DRAWDOWN TEST OF WELL REI-10-2

statlc water level

42 21 Date

5

79

TIME-t DEPTH DRAWDOWN ADJUSTED
DRAWDOWN

min

100
101
102
103
104
105

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
N0
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

nmnuvuovuummuuuuunnnuuununutnuiuuiuuuyu Wi

(VIR N IV, Y}

ft

79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
30
32
32
33
34
36
87
37
88
88
88
88
90
90
90

90
90
90
20
50

H
t

[=NeNeoNoNoRoNoNeNoNeoloNoNolooNoNoNoNoNoleRNoNoNoNoNoNoNoNoNoNe)

[oNeoNeNoNeol

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01
03
03
04
05
07
08
08
09
09
09
09
11
11
11

11
11
11
11
11

ft

[eNeoNeoNoNoNoNoNoNoNoloNoNoloNoloNoNoNoleNoloNoNoNoNoNeNoNoNoNe]

OCOO0OOO0o

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01
03
03
04
05
07

.08

08
09
09
09
09
11
11
11

11
11
11
11
11

8/8/88

RECOVERY t/t’
TIME-t'
min

1 00 101 00
2.00 51 00
3 00 34 33
4 00 26 00
500 21 00
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110
115
120
125
130
135
140
145
150
155
160
170
180
290
200
230
260

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

023879

Lvunmuvuunuuuuuuuuhouon u

90
90
S0
88
88
B8
87
87
86
85
84
82
81
80
80
77
74

1

[eNeoNeoNoNoNoNoNoNoNeNolNeRe o lole o]

11
11
11
09
09
09
08
08
07
06
05
03
02
01
01
02
05

[eNeoNeNeNoNoNoNeoNoNoNeNeRoNoNoRe o

11
11
11
09
09
09
08
08
07
06
05
03
02
01
01
02
05

10
15
20
25
30
35
40
45
50
55
60
70
80
90
100
130
160

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

B-168
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00
67

.00

00
33
86
50
22
00
82
67
43
25
11
00
77
63
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST August 9, 1988
PUMPED WELL REI-10-3

OBSERVATION WELLS REI-10-2, radial distance 80 88 feet,
REI-10-4, radial distance 72 96 feet and
ERT-1, radial distance 20 27 feet

CONTROL WELLS none

BACKGROUND AND DESCRIPTION OF TEST

The original work plan included testing well REI-10-3. In the review of
the work plan, Ms Kathleen O'Reiley of Region VI of the U S EPA expressed
concern that the REI-10-3 well may not be representative because of the low
transmissivity associated with the single well recovery analysis of the
short term (15 minute) test performed on May 26, 1988 It appeared that
the low transmissivity calculated from the short term single well test
results could have been due to well inefficiency as suggested by the low
pumping rate and large drawdown in this well Such well inefficiency would
also cause well bore storage effects to be significant for unconfined
conditions Well bore effects could also contribute to the lower
transmissivity estimate for this short term test

It was agreed by personnel from Region VI of the U S EPA that contractors
to the French Limited Task Group, Inc would perform a step drawdown or
variable rate test on wells REI-10-2, REI-10-3 and REI-10-4 in order to
select a well for a six- to eight-hour pumping test The contractors
performing the pump test, Applied Hydrology Associates, Inc (AHA) and ERT,
proposed to pump each well for 30 minutes at 1.5 gpm, then raise the
pumping rate to 2 5 gpm for 30 minutes and then pump for an additional 30
minutes at a higher rate if drawdown had not approached the pumping level

It was agreed that the test would be terminated if drawdown to the pump
caused the pumping rate to drop significantly Recovery measurements would
be taken following termination of pumping

A variable rate test was performed on well REI-10-3 by AHA and ERT
personnel Lithologic and well completion logs and an 1llustration of the
location of the pumped well, REI-10-3, and the observation wells, ERT-1,
REI-10-2 and REI-10-4, precede the aquifer test data which follow

Prior to pumping the well, the depth to static water level below the top of
casing in the pumped well and the observation wells were measured using an
electronic well sounder with accuracy to .0l feet. Well REI-10-3 was
pumped with a submersible pump and water level measurements were taken with
an electronic sounder on the pumped well and on wells REI-10-2, REI-10-4
and ERT-1

B-170
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The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions-

! = s-52/2Ho

where s' = adjusted drawdown
s = drawdown and
Ho = initial saturated thickness

The attached data sheets present the measurements for the pumped well and
the observation wells during the pump test and recovery period The data
sheets 1nclude the observed drawdowns and the corrected drawdowns

Well REI-10-3 was pumped at 0 5 gpm for the first 30 minutes The flow
rate as measured by an in-line Rotometer was verified with bucket and stop
watch measurements After 30 minutes, the pumping rate was raised to 1 0
gpm The one gallon per minute rate could be sustained for only 12 minutes
until drawdown reached the pump level Pumping was terminated at that
point. The total pumping time was 42 minutes Recovery measurements were
taken in the pumping well for about 470 minutes following termination of
pumping Recovery measurements were also taken on the nearsst well, ERT-1,
for about 270 minutes following termination of pumping

Water produced from the test was pumped directly into the French Limited
Lagoon

INTERPRETATION

The observation wells ERT-1, REI-10-3 and REI-10-4 showed a very slightt
response due to pumping well REI-10-3 The water levels in the observation
wells dropped during the latter portion of the pumping period but the
drawdown response was too slight to allow for a satisfactory match with a
Theis curve or a Boulton Delayed Yield curve The drawdown data sheets are
attached

The u value at the radius of the observation wells was too large to permit
satisfactory application of the semi-log techniques such as that of Birsoy
and Summers for variable pumping rates The technique is appropriate for
analyses of aquifer tests in which the dimensionless parameter u = r“S/4Tt
is less than 0 01

where r is the radial distance between the pumped well
and the observation well (feet),
S is the storage coefficisnt (dimensionless),
T is transmissivity (feet®/day), and
t is the time since pumping started (days)

The parameter "u" is less than 0 01 when the radial distance to the
observation well is small or when the time of pumping is long The "u"
value at the end of pumping at the nearest observation well ERT-1, located
20.27 feet from the pumped well, was 0 17 using the transmissivity and
storage coefficients from the Boulton Delayed Yield analysis in Figure A2-
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1 The semi-log technique would be applicable to the pumped well, but the
pumped well drawdown response was found to be highly influenced by well
bore storage.

Well bore storage effects were significant for the entire pumping period

The time when well bore effects were no longer significant was calculated
using the method of Schafer (1978) described in Section B-2 1 and shown
below.

te > 0 6(16-1)/( 643/24 18%) = 338 minutes

* drawdown at the last measurement in the pumping period, 42 minutes
after the start of pumping rather than at time tc

Drawdown and recovery values for the pumped well are included in the
attached data sheet Well bore effects had a significant influence on the
entire portion of the response data. Thus the semi-log analysis technique
could not be used to provide an estimate of the transmissivity from the
drawdown data from the pumped well Likewise, since tc is greater than 338
minutes, only the last four recovery data points are in the range where
well bore influences are minimal

A Theis (1935) recovery analysis of the last four recovery points for the
production well REI-10-3 was performed The adjusted residual drawdown
data from the recovery period for the pumped well were analyzed using the
nonproprietary pump test program RECOVERY (Beljin, 1986) available from the
International Groundwater Modeling Center The technique is appropriate
for analyses of measurements in the pumped well when the dimensionless
pa‘ameter "u" is less than 0 0l and the data are not influenced by well
bore storage The solution involves fitting a straight line to a plot of
adjusted residual drawdown on an arithmetic scale against the ratio t/t’
(where t is time since pumping started, and t’ is time since pumping
stopped) on a log scale

The change in drawdown over one log cycle of time is used to calculate
transmissivity. The RECOVERY program allows the user to interactively
specify which data are to be used in fitting the straight line

Using the last four data points from the recovery period plus the
additional point of zero residual drawdown at t/t’ = 1, and an average
pumping rate of O 643 gpm, the resulting transmissivity estimate is four
gpe/ft  The average hydraulic conductivity was determined to be 1 9x10°
cm/sec The storage coefficient could not be determined from the single
well test. The results of this analysis are attached

The results are thought to be fair and provide only order-of-magnitude
estimates because of the variable pumping rate and because only four data
points over a vary narrow range of log t/t’ were considered to be
satisfactory for use in the interpretation. Nevertheless, the recovery
data are less sensitive to the variable pumping rate and the coefficient of
determination of the curve fit to the data was 0 989 indicating a very good
fit Consequently, the results of this recovery analysis are thought to
provide a wvalid characterization of the transmissivity of the wupper
alluvial zone in the vicinity of well REI-10-3
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72 REsoURCE ENGINEERING

Sheer 1 _of 1_
— . LITHOLOGIC LOG AND CONSTRUCTION
- SUBSURFACE EXPLORATION OF RE! 10-3
Client CRILLING AND SAMPLING INFORMATION

—— - FRENCH LTID, TASK CROUP
Project Name ___Exench Lid, 1986 F.1.
~Crosby, Taxas

Da.u Started 2

Date Compleled __2/27/84

Project Location Method —HR Tolal Depth __4R.0 FFET
Job No. 2715-14 Boring No. 0-3 WELL COMPLETION INFORMATION
Logged By et Balizd Screen Dia. 1"_.L Length 10.30°
Approved By Siot Slze ['N llO' Type [ 1V
Drilled By A Casing Dia. ______&" Length 39. 66
: ) -
] g = ] 2 1c
- STRATUM | X > w =1 2l
=a DESCRIPTION eLEvation| uW | o g [gf{3uwiz
o wreer | & | ¢ e |£ {28 |¢
oz 13| =12 38)¢
SURFACE ELEVATION 13.80 “ » n o o |z
— 0 —| SURFACE FILL AND GRAVEL 10.7
=" SAND AND GRAVEL
p
:4' 4.3
10 SLICHTLY CLAYEY SAKD 2.6
SILIY SAND
20
3o
=18.6
SANDY SILT/CLAYEY SILT
-24.2
0 SiLTY SAND/SANDY SILT
!
VESY SILTY CLAY, reddish browm =33.7 4 | ss | s3
50 TD 48,0 BORING (8") DRILLED TO 48'. ELECTRIC LOGGED AKD COMPARED WITH -3%.2/
iTINGOUS SAMPLE LOG FROM ADJACENT 10-1. FOUR INCH MONITOR WELL SET
SH VALVE, 4" SCH 40 PVC FLUSH JOINTED CASING, ARD 0.010" SLOT
#3 SAND USED IN SAND PACK, 1/2" BENTONITE PELLETS IN SEAL.
D TO SURFACE WITH CEMENT/BENTONITE SLURREY. WELL CAPFED ARD VE.TED

ELEVATION OF TOP OF CASING SURVEYED.

LLllllll(l'lllll'lJIlllJJ_LlllllllllllIlIllll!lllllIIIHJLLI_L]_LHHLLIII llJlJllll llllllllllllllllllllllllll

SAMPLER TYPE
§S - DRIVEH SPLIT SPOON  CA - CONTIHUOUS FLIGHT AUGER
ST - PREGSED SHELBY TUBE RC - ROCK CORE

.. Br174

HSA - HOLLOW STEM AUGERS
CFA - CONTINUOUS FLISHT AUGERS

BORING METHOD

OC - DRIVING CASING
MD - MUD DRILLING
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A7) RESOURCE ENGINEERING N

\ " 4 SUBSURFACE EXPLORATION LITHOLOGIC LOG AND CONSTRUCTION

OF REI 10-2
Client FRENCH LTD. TASK GROUP . DRILLING AND SAMPLING INFORMATION
Project Name French Ltd. 1986 F.1I. Date Started __08/8/86 ______ Date Compleled _8/8/8¢
Project Localion Crosby, Texas Method MR Total Depth _______48.0 FEFT
Job No. 275-14 Boring No.__10-7 WELL COMPLETION INFORMATION
Logged By S, L. Baird Screen Dia. _____ 4" ______ Lengih 13.75'
Approved By Slot Size 0.010% Type PVC
Driled By GCC Casing Dia. [ Length 36.6)
s | & : |8 A
- STRATUM H r w il ,S_' <
= DESCRIPTION ELevaTion]| w | o o |lgjzwl]|>s
[ gn = o o x w
4= IN FEET i N w a |25 |E
oz 3 « < 3
= b 5 [ o <
SURFACE ELEVATION 11.90 » " o vls
— 0
7] SAND AND GRAVEL
-
3 2.9
10 —{ SLIGHILY CLAYEY SARD .a -
= SILTY SAKD '
- '
3 |
20 -~ b
3 .
— [
=~ =16.1
— SILTY CLAY _
30 ~20,1
2] SILTY SAND, gray green, strong odor, wet
- ss
l m ] 33
40 — .
3 ~30,1 ER
~| SLIGHTLY CLAYEY SAND, gray with yellewish brovn stain, some lignite chi-s 2 —‘:
3 b1 R
‘ T/ SILTY cLAY \pz23e1 6| 5§
s —] T 4.0 BORIKG (8") DRILLED TO 36'. CONTINUOUSLY SAMPLED IN 3-7/8" BORLNG e B .
<] Tu 49.5. UPPER HOLE COMPARED WITH CONTINUQ™S SAMFLE LOG FROM ADJACENT
- 1¢-1. ELECTRIC LOGGED. FOUR INCH MONITOR WELL SET WITH FLUSH VALVE, &
=1 SC# 40 PVC FLUSH JOINTED CASING, AKD 0.01C" SLOT SCREEN #3 SALD USED IX
-] SAED PACK, 1/2" BENTONITE PELLETS IN SCAL GROUTED TO SURFACE WITH CEMEX?
Ij BENTONTTE SLURRY. WELLL CAPPED AND VENTED. ELEVATION OF TOP OF CASINC
_=] SUAYEYED. .
3
-
—
b
3 )
: -
3
3
SAMPLER TYPE e AING METHOD
SS - DRIVE!! SPLIT SPOOW  Ca - CONTINGOUS. FLIGHT AUGER HSA - HOLLOW STEM ACGERS DC - DRIVING GASING
ST - PRESSED SHELBY TUBE RC - AOCK CORE  ° CFA - CONTINUOUS FLIGHT AUGERS MO - MUD DRILLING
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’"' RESOURCE ENGINEERING Sheet Lot 1_

G/  SUBSURFACE EXPLORATION LITHOLOGIC LOG AND CONSTRUCTION

OF REI 10-4
Client —_______ FRENCH LTD, TASK CROUJ DRILLING AND SAMPLING INFORMATION
Project Name ___French Lrd. 1986 F, I, Dale Started _7/28/86 _______ Date Completed __1/28/Pf
Project Location _Cropby, Texas Method —MR Tolal Depth______48.0 FEET
Job No. 2al8=1% Boring No.__10=4 WELL COMPLETION INFORMATION
Logged By S, L. 3ai=d Screen Dia. _____ 4" Length 12.80"'
Approved By Slot Size Q.010" Type PYC
Drilled By SwL Casing Dia. __4" ____ lLength 16,99
Y x 8 3
o
e STRATUM | 2 S w : 5 21z
= DESCRIPTION ELEVATION| w w o O [Jw | =
4] wmreer | & | & S |E(%z (¢
oz 2 2 < = a "
SURFACE ELEVATION 14.40 “ a " © L
r- 0 N p
=] SURFACE FILL, rubber el
] 55 s
- 8.4 3
={ SAND AND GRAVEL 5.9
10 CLAYEY SAND . -
1.9
SILTY SAND
3
-
-
20 - .
3 -14.1
10 _’__‘ SAKDY SILT 2.1
o CLAYEY sILT —20.8"
—{ SLIGHILY SILTY CLAY -22.6
SILTY SAND/SANDY SILT
40 i
- -33.6 "
— TD &B.U BORING (R") DRILLED TO 48.0'. ELECTKIC LOGGED ARD COMPARED %:TH
50 = coNTINUNGS SAMTLE LOG FROM ADJACENT 10-1. FOUR INGH MONITOR WELL SET
2] WITH FLUSH VALVE, 4" SCH 40 PVC FLUSH JOINTED CASING AND 0.010" SLOT
=) SCREEN #3 SAND USED IN SAND PACK, 1/2" BENTONITE PELLETS IN SEAL.
~ GROUTED TO SULFACE WITH CEMEMT/GENTOMITE SLURRY. WELL CAPPED AND VENTI'U
=] ELEVATION OF TOP OF CASING SURVEYED.
m T -
b
-
SAMPLER TYPE BORING METHOD
5§ - DRIVCN SPLIY SPOOH  CA - CONTINUOUS FLIGHT AUGER HSA - HOLLOW STEM AUSERS DC - DRIVING GASING
ST - PRESSED SHELBY TUBE .RC - AOCK CORE CFA - CONTINUOUS FLIGHT AUGERS MD - MUD DRILLING
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EKI‘ - L FIGURE 4-3 sheer]_ o0

LITHOLOGIC LOG AND CONSTRUCTION
A RESOURCE ENGINEERING COMPANY OF MW- pee 3

Chent g . 1ask Group : DRILLIIG AT, SAMPLING INFORUATIGY
P N ng%ﬁ#éila:]qn 111/87
F:::::l Lo.cm;_n niCrm: ST 5:'.71.’2""" ?;::’ %:::‘r:"' ]]

Job No ‘i&im&_—— uw LRI ] WELL COMPLETION INFom.unEn
Logoed By Screan Dl:ﬂ:}nE Length _30 {

Approved By Stot Sire ' Typs i
Driiea By LS Casing Dia. Length ___2

a
34
[

2

STRATUM
ELEVATION
IN FEETY

DESCRIPTION

DEPTH
N FFET
SAMMLED
INTCRVALS

HNU READINGS

SAMPLE NO.

% RECOVERY

GRAPMIC LOC

SURIACE ELEVATION

SAMPLE TYPE
waAlIlDh (fVlL

|
=

weLL
-{ couricrion

SILTY SAND-gray, medium to fine grain, wet,
asorted multicolored fines,odor

[S)

N

thin gravel ledge. slight odor,-dark gray
sludge

(%)

SANDY CLAY-gray, multicolor gravels washing
{rom above
SANDY SILT § SILTY.SAND-tan, strong odor

F-

NVERY SILTY CLAY-gray and white ,odor

wi
o < (=]
illllllluﬁlllllllllILIIlLLlllllIllllllﬁ!lllllﬂlllllllll_l

‘ORFXRTTIOR CIMARGES INTERPRETED BY CIIARGES™ |
N DRILLING RATE,CUTTINGS IN MUD PIT, AND
OGS FROM ADJACENT WELLS. WELL BORE WASIED
0 3%7 FECT WITH A ROTARY WASII DRILLING RIG
RING A SODIUM BENTONITE MUD. CASING INSTALLID,
SAND PACKED AND SEALED WITH ]/2'"' BENTONITE
*ELLETS, PRESSURE"GROUTED TO THE SURFACE
VITH CLASS 1 CEMENT/BENTONITE SLURRY V1A
REMIE PIPME. WELL CAPPED, VENTED, NOTCHED
\ND COVERED WITH A CAST IRON STANDPIPE. . -

NTTINSSIIRINS

SAuPLER TYPE ) RQAING WETHOD
:3 - DPIVLIe SPLIY SPODN CC-CONLTINUOUS CORNER HSA « HOLLOW STEM AUGENS AR-AIR ROTARY °
"TOPRISETP SnELAr TUBE CS-CALIFORNIA BAMPLER CFA - CONTINUOUS FLIGHY AUGERS RW-AOTAAY WASH
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Saturated Thicknes

static water level

TIME-t

min

w
nmo~NocuupuvuLULDWUVEO

DEPTH

ft

5.32
6.67
7.02
7.43
7.7
8.13
8.4
8.7
8.95
9.37
10.52
11.6
12.53
14.1
14.62
16.61
16.55
17.3
19.52
19.84
21.25
21.4
21.88
22.77

23.37
25.68
26.24
28.68
30.52
31.25
30.25
29.5
28.5
28
27.5
27
26.5
26

5.32

DRAWDOWN

ft

0
1.35
1.7
.11
.38
.81
.08
.38
.63
.05
5.2

6.28
7.21
8.78
9.3
11.29
11.23
11.98
14.2
14.52
15.93
16.08
16.56
17.45

PLWWLWWNDNON

18.05
20.36
20.92
23.36

25.2
25.93
24.93
24.18
23.18
22.68
22.18
21.68
21.18
20.68

42.68 feet

feet

STEP DRAWDOWN TEST - WELL REI-10-3

ADJUSTED RECOVERY t/t'
DRAWDOWN TIME-t’

ft

0
.328649
.666143
.057843
.313641
.717496
.968865
.246162
.475631
.857843
.883223
.817975
.601001
.876902
.286761
.796746
.752576
10.29864
11.83776
12.05010
12.95712
13.05087
13.34732
13.88272
14.05901
14.23319
15.50374
15.79293
16.96719
17.76044
18.05318
17.64901
17.33051
16.88533
16.65396
16.41673
16.17364
15.92470
15.66989

WOUWOOS-SNAOAUMPWWWNNONMNDN

min
2.5 17.8
4 11.5
5.42 8.749077
6.75 7.222222
8.2 6.121951
9.63 5.361370
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.40923 11.18

53.18 25.5 20.18 15 4.756708
54.78 25 19.68 15.14271 12.78 4.286384
56.58 24.5 19.18 14.87034 14,58 3.880658
58.45 24 18.68 14.59210 16.45 3.553191
60.33 23.5 18.18 14.30801 18.33 3.291325
62.37 23 17.68 14.01806 20.37 3.061855
64.5 22.5 17.18 13.72226 22.5 2.866666
66.57 22 16.68 13.42059 24,57 2.709401
69 21.5 16.18 13.11307 27 2.555555
71.33 21 15.68 12.79970 29.33 2.431980
74.28 20.5 15.18 12.48046 32.28 2.301115
77.13 20 14.68 12.15537 35.13 2.195559
80.32 19.5 14.18 11.82441 38.32 2.096033
83.63 19 13.68 11.48761 41.63 2.008887
87.15 18.5 13.18 11.14494 45.15 1.930232
91 18 12.68 10.79641 49 1.857142
95.05 17.5 12.18 10.44203 53.05 1.791705
99.53 17 11.68 10.08179 57.53 1.730053
104.33 16.5 11.18 9.715702 62.33 1.673832
109.6 16 10.68 9.343748 67.6 1.621301
115.25 15.5 10.18 8.965937 73.25 1.573378
121.42 15 9.68 8.582268 79.42 1.528834
135.7 14 8.68 7.797357 93.7 1.448239
152.62 13 7.68 6.989015 110.62 1.379678
173.83 12 6.68 6.157244  131.83 1.318592
200.38 11 5.68 5.302043 158.38 1.265184
281.72 9 3.68 3.521349  239.72 1.175204
313 8.47 3.15 3.033757 271 1.154981
345.5 8.05 2.73 2.642688 303.5 1.138385
375 7.67 2.35 2.285303 333 1.126126
411 7.33 2.01 1.962669 369 1.113821
435 7.16 1.84 1.800337 393 1.106870
515 6.66 1.34 1.318964 473 1.088794
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Saturated Thicknes

static water level

TIME-t

min

10
15
20
25
30
40
45
50

DEPTH

fe

Luuumuumuuuuun

.86
.86
.86
.86
.86
.87
.87
.87
.87
.86

42.14 feet

5.86 feet

OBSERVATION WELL REI-10-2

STEP DRAWDOWN TEST - WELL REI-10-3

DRAWDOWN ADJUSTED RECOVERY t/t’
DRAWDOWN TIME-t’
min

ft

[cNeNeNoNoNoNoNoNo N

.00
.00
.00
.00
.00
.01
.01
.01
.01
.00

fc

COO0OO0OO0CO0OO0OO0O0O0

.00
.00
.00
.00
.00
.01
.01
.01
.01
.00

B-180
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Saturated Thicknes

static water level

TIME-t

min

10
15
20
25

30

40
50

DEPTH

ft

5
5
5.79
5
5

42.21 feet

5.79 feet

DRAWDOWN ADJUSTED RECOVERY t/t’

ft

COO0O0O0O0OO0O0O0O

.00
.00
.00
.00
.00
.01
.01
.01
.00

OBSERVATION WELL REI-10-4

STEP DRAWDOWN TEST - WELL REI-10-3

DRAWDOWN TIME-t'
nin

fc

[eNeNeoNoNoNeNoNeNo

.00
.00
.00
.00
.00
.01
.01
.01
.00

B-181
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Saturated Thicknes

static water level

TIME-t

min

10
15
20
25
30
40
50
60
75
90
120
150
180
210
285
315

STEP DRAWDOWN TEST - WELL REI-10-3

OBSERVATION WELL ERT-1

DEPTH

fc

NONOYONON

AN

43.34
6.66
DRAWDOWN

fc

000000000000
ORRRNRNRNERAPNRBOOO

CO0OO0O00O0OO0O0CO0OOOO

'
o
o
w

-0.03

feet

feet

ADJUSTED RECOVERY t/t’
DRAWDOWN TIME-t'

ft

0

0

0
.019995
.019995
.039981
.059958
.059958
.039981
.039981
.019995
.019995
.019995
0.009998
0.009998
0
-0.03001
-0.03001

[=NeNeNoNoNoNoNoNo o]
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min

8
18
33
48
78

108
138
168
243
273

PR bW

=

6.25

.333333
.272727

1.875

.538461
.388888
. 304347

1.25

.172839
.153846
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x

program:
version:

Recovery
IBM PC 1.0

o e 3 ¢ v 3 3k 7 ok e ok ok 2k ok 7% ok o o 3k ok ke 3k 2% o dk o ok ole K S e ok ok o ok ok ok o i 9k 3 2% ok e e ok e ok Sk ke Ak Kk

A PROGRAM FOR PUMP TEST ANALYSIS USING JACOB'S
FORM OF THEIS EQUATION AND LEAST SQUARES' METHOD.

x
x
4
*
*
L

ARRARKAXRRRAARARRARRAITRARKRRRARAR AR TR ARARKRTRARAKRARARAR

PROJECT......... = FRENCH LIMITED
LOCATION........ = CROSBY, IX
WELL............ = REI 10-3
DATE............ = 8/9/88

STATIC WATER LEVEL

DISCHARGE RATE.....
DURATION OF PUMPING PERIOD...

NO TIME t'{(min]

S.W.L.

TIME t {min]

1 333.00
2 369.00
3 393.00
4 473.00
5 %10000.00
6 %10000.00

375.00
411.00
435.00
515.00
%10042.00

210042.00

5.32 [ft]
.643 [gpm]
42 [min]
t/t' DRAWDOWN s'[ft]
1.13 2.285
1.11 1.963
1.11 1.800
1.09 1.319
1.00 0.000
1.00 0.000

TRANSMISSIVITY T = .599E-05 [ft2/s]
4 [gpd/ft]

T =

DATA SEGMENT ANALYZED :
- starting with data pair 1
- onding with data pair 6

DETERMINATION COEFFICENT = .9886292

ARXAARXARRXRRARRRRRATRARXRARRAAREARRR R ARRARR A AKX AX A RARALR
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DEVIATION
+.134E+00
+.213E-01
.226E-01
.190E+00
+.287E-01

+.287E-01
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST: August 5, 1988
PUMPED WELL: REI-10-4

OBSERVATION WELLS: REI-10-2, radial distance 53.77 feet and
REI-10-3, radial distance 72.96 feet

CONTROL WELLS: none

BACKGROUND AND DESCRIPTION OF TEST:

The original work plan included testing well REI-10-3. 1In the review of
the work plan, Ms. Kathleen O’Reiley of Reglon VI of the U.S. EPA expressed
concern that the REI-10-3 well may not be representative because of the low
transmissivity associated with the single well recovery analysis of the
short term (15- minute) test performed on May 26, 1988. It appeared that
the low transmissivity calculated from the short term single well test
results could have been due to well inefficiency as suggested by the low
pumping rate and large drawdown in this well. Such well inefficiency would
also cause well bore storage effects to be significant for unconfined
conditions. Well bore effects could also contribute to the lower
transmissivity estimate for this short term test.

It was agreed by personnel from Region VI of the U.S. EPA that contractors
to the French Limited Task Group, Inc. would perform a step drawdown or
variable rate test on wells REI-10-2, REI-10-3 and REI-10-4 in order to
select a well for a six- to eight-hour pumping test. The contractors
performing the pump tests, Applied Hydrology Associates (AHA) and ERT,
proposed to pump each well for 30 minutes at 1.5 gpm, then raise the
pumping rate to 2.5 gpm for 30 minutes and then pump for an additional 30
minutes at a higher rate i1f drawdown had not approached the pumping level.
It was agreed that the test would be terminated if drawdown to the pump
caused the pumping rate to drop significantly. Recovery measurements would
be taken following termination of pumping.

A variasble rate test was performed on well REI-10-4 by ERT personnel.
Lithologic and well completion logs and an illustration of the location of
the pumped well, REI-10-4, and the observation wells, REI-10-2 and REI-10-
3, precede the aquifer test data which follow.

Prior to pumping well REI-10-4, the depth to static water level below the
top of casing in the pumped well and the observation wells was measured
using an electronic well sounder with accuracy to .01 feet. The well was
pumped with a submersible pump and water level measurements were taken with
an electronic sounder on the pumped well and on wells REI-10-2 and REI-10-
3.
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The drawdown values were corrected using the following correction
developed by Jacob (1963) to allow the solutions for confined aquifers to
better apply to unconfined conditions:

8' = a-sz/ZHo

where: 8’ = adjusted drawdown
8 = drawdown and
Ho = initial saturated thickness

The attached data sheets present the measurements for the pumped well and
the observation wells during the pump test and recovery period. The data
sheets include the observed drawdowns and the corrected drawdownms.

Well REI-10-4 was pumped at 1.5 gpm for 30 minutes. The well was allowed
to recover for 75 minutes and was then pumped at 2.5 gpm until the pump
broke suction after 26 minutes. Recovery measurements were not taken.

Flow rates were measured with an in-line Rotometer but were not checked
with bucket and stop watch measurements. Water from the test was pumped
directly into the French Limited Lagoon.

INTERPRETATION:

The observation wells REI-10-3 and REI-10-2 showed a very slight response
due to pumping well REI-10-4. The water levels in both wells dropped
during the latter portion of the pumping period but the drawdown response
was too slight to allow for a satisfactory match with a Theis curve or a
Boulton Delayed Yield curve. Furthermore, the variable pumping rate would
have rendered any match curve estimates of questionable validity.

The u value at the radius of the observation wells was too large to permit
satisfactory application of the semi-log techniques such as that of Birsoy
and Summers (1980) for variable pumping rates. The technique is

appropriate foE analyses of aquifer tests in which the dimensionless
parameter u = r“S/4Tt is less than 0.01:

where r is the radial distance between the pumped well
and the observation well (feet),
S is the storage coefficient édimensionless),
T is the transmissivity (feet“/day), and
t is the time since pumping started (days).

The parameter "u" is less than 0.01 when the radial distance to the
observation well is small or when the time of pumping is long. The "u”
value at the end of pumping at the nearest observation well REI-10-2,
located 53.77 ft from the pumped well, was 0.385 using the transmissivity
and storage coefficients from the Boulton Delayed Yield analysis in Figure
A2-1. The semi-log technique would be applicable to the pumped well, but
the pumped well drawdown response was found to be highly influenced by well
bore storage.
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Well bore storage effects were significant for the entire pumping period.
The time when well bore effects were no longer significant was calculated
using the method of Schafer (1978) described in Section B-2.1 and shown
below:

te > 0.6(16-1)/(1.5/18.62%) = 118 minutes

* drawdown at the end of the 30 minute constant pumping period rather
than at time tc.

Drawdown data for the pumped well are included in the attached data sheet.
Recovery measurements were not taken. Well bore effects had a significant
influence on the entire portion of the response data. Thus the semi-log
analysis technique could not be used to provide an estimate of the
transmissivity from the drawdown data from the pumped well.

The data from this test could not be used to provide a satisfactory
interpretation of aquifer characteristics because of the variable pumping
rate, the short duration of test and the lack of recovery measurements.
The aquifer characteristics determined from the response In observation
well REI-10-4 during the pump test of well ERT-10 provide the best
information in the wvicinity of the well REI-10-4. These, estimates,
transmissivity of 145 gpd/ft, hydraulic conductivity of 2.3x1074 cm/sec and
storage coefficient of 0.00079 are remarkably close to the estimates

obtained from the response in well REI-10-4 during the step test of well
REI-10-2.
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SUBSURFACE EXPLORATION LITHOLOGIC LOG AND CONSTRUCTION

OF RE! 10-4
Client FRENCH LTD. TASK GROUP DRILLING AND SAMPLING INFORMATION
Project Name ___FEranch Lid, 1986 F.1. Dale Staried _uzun____ Dale Completed ___2/28/86
Project Locslion _Crnsby, Texas Method Total Depth___48.0 FEEY
Job No. —215=14 Boring No. ___10=4_ WELL COMPLETION INFORMATION
Loggeo By St Aaicd Screen Dia. __4&"_______ Length 12,80
Approved By Slot Slze __0. 00" ____ Type PYC
Drilled By -1 Casing Dia. ____4" ______ Length 16,99
;2] 2|8 s le
- b= staatom | 2 | Z - Bl 2|2
=u DESCRIPTION ELEVATION]| W w o O w2
[ 2 r o T jwy
1 nreer | & | 2 w lelzs |8
oz 3 < -
z < 2 « = ol%
SURFACE ELEVATION 14.40 @ ® L4 [ |z
0 s
— =] SURFACE FILL, rubber »
-
- J.‘ -",-.-
=1 SAND AND GRAVEL 3.9 &
10 CLAYEY SAND . ._'-:_ .
'E 1.9 F:
o SILTY SAND i
E
3 o
20 ] 12 -
3 B
- ]
3 5
- -14.1 L
=] SANDY SILT . 1 |'e
30 =3 . BN | gy
3 cLAYEY SiLT
e =20,6
i LCTToY STLTT cay -39 6
h JTSILTY SAND/SANDY SILT
Toag
po
b
po -33.6
= TD 4B.U BOAING (8") DRILLED TO «B8.0', ELECTRIC LOGGED AND COMPARED W:TH
30 =21 conTISTOUS SAMPLE LOG FROM ADJACENT 10-1. FOUR INCH MONLTOR WELL SET
] wiITH FLUSH VALVE, 4" SCH &40 PVC FLUSH JOINTED CASING AKD 0.010" SLOT
=} SCREEX 63 SAND USED IR SAND PACK, 1/2" BENTONITE PELLETS IN SEAL.
=] GROUTED TO SURFACE WITH CEMENT/BENTONITE SLURRY. WELL CAPPED AND VEXTID.
=] ELEVATIOR OF TOP OF CASING SURVEYED.
=
3
-
=
3]
p
3
- L,
= .
-
-
- SQMELEI JYPE BQRING METNQD
©8 - DRIVCN SPLIT SPOON  CA - CONTINUOUE FLIGHT AUGER HSA - HOLLOW STEM ALGERS OC - DRIVING CASING
ST - PRESSED SHELBY TUBE RC - ROCK CORE CFA - CONTINUOUS FLICHT AUGERS MO - MUD DRILLING
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” RESOUBCE ENG”VEEHING LITHOLOGIC LOG AND CON;::U—IC;'I;I
V SUBSURFACE EXPLORATION OF RE! 10-2
Ctient FRENCH LTD. TASK GROUP ORILLING AND SAMPLING INFORMATION
Project Name French Led. 1506 F.l. Date Started __8/8/86 ___ Date Completed _8/8/8%
Project Location _Crosby, Texas Method MR Totai Depth
Job No. 275-14 Boring No. __10-2 WELL COMPLETION INFORMATION
Logged By S, L. Baird Screen Dia. g Lengih 11.28"
Approved By Slot Size _______0.010" ___  Typs PVC
Drilled By GCC_ Casing Dia. [ Length 36.61
w > [~} -
e | | 5| B[S 8|2
z5 wl 3 lelza|5
¥ DESCRIPTION ELevaTion| ¥ | u AR
s N FEET a 4 w a |25 10
oz 3] =13 3|3
SURTACE ELEVATION 11,90 «@ @ " [ LC Y
0
] SAXD AKD GRAVEL
=
-
~ 2.9
30 —J SLTGHTLY CLAYEY SAKD _ ) 4
= SILTY SAND
3
3
0 — 1
3 -16.1
- SILTY CLAY -
30 — -20.1
=} SILTY SAND, gray green, strong odor, wet
3 1
[ M ]
03 =30.1 i
= SLICHTLY CLAYEY SAND, gray with yellovish brown stain, some lignite chixs =
= 2
: S/ SILTY clay \ :E} )
| =} Ti &F.0 BORINL (8") DRILLED TO 36", CONTINUOUSLY SAMPLED IR 3-7/B" BOXING . -
50 S Tv 49.5.  UPPER HOLE COMPARED WITH CORTINUOUS SAMPLE LOC FROM ADJACENT
2 1t-1. ELECTRIC LOGGED. FOUR INCH MONITOR WELL SET WITH FLUSH VALVE, L
<C|' &0 PVC FLUSH JOINTED CASING, ARD 0,.010" SLOT SCREEX #3 SALD USED 1
AND PACK, 1/2" BENTONITE PELLETS IN SEAL CROUTED TO SURFACE WITH CEHE
nr--'rou'r' SLURRY. WELL CAPPED AKD VENTED. ELEVATION OF TOP OF CASING
_3 SURVEYED. . .
pud
.i
P ‘I'VP IQRINO H‘THQQ
4S - ORIVEN-SPLIT SPOON CA - CONTINUQUS FLIGHT AUGER HSA - HOLLOW STEW AUCERS DC - DRIVING CASING
ST - PRESSED SHELAY TUBE AC - ROCK CORE CFA - CONTINUOUS FLICHT AUGERS  MD - MUD DRILLING
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RESOURCE ENGINEERING

SUBSURFACE EXPLORATION

AN\

HEl
V

Sheet 1_ot 1_

LITHOLOGIC LOG AND CONSTRUCTION
OF RE! 10-3

Client
Project Name ___Franch Lgd, 1986 F.1

Deate Staried

CRILLING AND SAMPLING INFORMATION

Date Completled __7/22/86

Project Locstion Method Totat Depth_____AA. D FPFT
Job No. 273-14 Boring No. __10-) WELL COMPLETION INFORMATION
Logped By 8. L, Baird Scraen Dia. [ Length _____10.30"
Approved By Siot Size 0,010" Type PAC
Orilled By _Suy Casing Dia. [ Length 19.66
s | & |8 A
<= sTRATUM | 2 > w e 2 e
Ee DESCRIPTION eLevation| w |, e |glzw|s
[ =1 o x w [
s IN FEET a e w a |22 |C
oz 2 3 o 3|s
SURFACE ELEVATION 13.80 LN - ® | S o3
f—e 0
| SURFACE FILL AND GRAVEL 10.7
SAND AND GRAVEL
-
: 4.3
10 —"SLICHTLY CLAYEY SAI'D 2.6
STy sanp
=
3
-
20
=
30 =
- =18.6
=] SANSY SILT/CLAYEY SILY
-
n -24.2
i —| SILTY SAND/SANDY SILT
i 40—
! -
3
i SAAERY SILTY ciav, reddish breup =237 1_| ss
50 —] T 4%.0 BORING (8") DRILLED TO 48'. ELECTRIC LOGGED AKD COMPARED WITH -34.2/
o CONTINUOUS SAMFLE LOG FROM ADJACENT 10-1, FOUR TNCH MONITOR WELL SET
=] WITH FLUSH VALVE, 4" SCH 40 PVC FLUSH JOINTED CASING, AND 0.010" SLOT
=1 SCREEN #3 SAND USED IF SAND PACK, 1/2" BENTONITE PELLETS IN SEAL.
—~ GROUTED TO SURFACE WITH CEMENT/BENTONITE SLURREY. WELL CAPPED ARD VEL.TED
=1 ELEVATION OF TOP OF CASING SURVEYED.
= :
-
=
|
-l
b
? TYP BORAING METHOD

§S - DRIVEN SPLIT SFOON  CA - GONTINUOUS FLIGHT AUQER
ST - PRESSED SHELABY TUBE RC - ROCK CORE

. Bo191

HSA - HOLLOW STEM AYGERS
CFA - CONTINUOUS FLISHT AUGERS

0C - ORIVING GASING
MD - MUD ORILLING




Saturated Thicknes

static water level

TIME-t

min

(V)
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STEP DRAWDOWN TEST - WELL REI-10-4

DEPTH

5.

48 feet

68 feet

DRAWDOWN ADJUSTED RECOVERY t/t’
DRAWDOWN TIME-t'’
min

fc

fr

B-192

40.5
41
41.5
42
42.5
43
43.5
44
45
46
47
48

.609756
.590361
.571428
.552941
.534883
517241

2.5
.466666
.434782
2.404255
2.375

NN NN
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115
117
119
121
123
125
127
129

131 broke suction

28.55
30.52
32.15
33.7
34.72
35.7
35.15
36.4

49
51
53
55
57
59
61
63
65
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NN N

NN N

.346938
.294117
.245283

2.2

.157894
.118644
.081967
.047619
.015384
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STEP DRAWDOWN TEST - WELL REI-10-4
OBSERVATION WELL REI-10-2
Saturated Thicknes 48 feet
static water level 5.83 feet

TIME-t DEPTH DRAWDOWN ADJUSTED

DRAWDOWN

min ft ft ft
0 5.83 0.00 0.00
0.5 5.78 -0.05 -0.05
1.5 5.78 -0.05 -0.05
2.5 5.78 -0.05 -0.05
3.5 5.78 -0.05 -0.05
4.5 5.78 -0.05 -0.05
6 5.78 -0.05 -0.05
8 5.78 -0.05 -0.05
10 5.8 -0.03 -0.03
12 5.8 -0.03 -0.03
14 5.8 -0.03 -0.03
17 5.8 -0.03 -0.03
22 5.8 -0.03 -0.03
26 5.82 -0.01 -0.01
30 5.85 0.02 0.02
107.5 5.85 0.02 0.02
109.5 5.85 0.02 0.02
113 5.85 0.02 0.02
115 5.85 0.02 0.02
117 5.85 0.02 0.02
119 5.85 0.02 0.02
121 5.86 0.03 0.03
127 5.86 0.03 0.03
131 5.92 0.09 0.09
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STEP DRAWDOWN TEST - WELL REI-10-4
OBSERVATION WELL REI-10-3
Saturated Thicknes 48 feet
static water level 5.41 feet

TIME-t DEPTH DRAWDOWN ADJUSTED

DRAWDOWN

min ft ft ft
0 5.41 0.00 0.00
1 5.37 -0.04 -0.04
2 5.4 -0.01 -0.01
3 5.4 -0.01 -0.01
4 5.4 -0.01 -0.01
5 5.4 -0.01 -0.01
7 5.4 -0.01 ~0.01
9 5.4 -0.01 -0.01
11 5.4 -0.01 ~0.01
13 5.4 -0.01 -0.01
15 5.4 -0.01 -0.01
19 5.4 -0.01 -0.01
24 5.4 -0.01 -0.01
28 5.4 -0.01 -0.01
32 5.4 -0.01 -0.01
107 5.4 -0.01 -0.01
109 5.4 -0.01 -0.01
112 5.4 -0.01 -0.01
114 5.4 -0.01 -0.01
116 5.4 -0.01 -0.01
118 5.4 -0.01 -0.01
120 5.4 -0.01 -0.01
124 5.4 -0.01 -0.01
129 5.4 -0.01 -0.01

131 broke suction
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST: August 9, 1988
PUMPED WELL:  ERT-7

OBSERVATION WELLS: ERT-7A, radial distance 1l1l.2feet
ERT-8, radial distance 9.2 feet and
ERT-8A, radial distance 14.3 feet

CONTROL WELLS: REI-10-4, ERT-1 and REI-6-2

BACKGROUND AND DESCRIPTION OF TEST:

Well ERT-7 was identified in the water sampling program as one of the most
productive wells about the French Limited site. However, the preliminary
aquifer test program described in Attachment 1 above did not show the
transmissivity at this well to be higher than other wells thought to be
less productive. Since the preliminary testing program results were based
on short pumping periods with possible error in the flow estimates, it was
decided to perform a longer term controlled test on well ERT-7.
Additionally, the test was conducted to provide information about aquifer
characteristics in the wvicinity of possible groundwater recovery wells
south of the French Limited Lagoon. With the nearby observation wells ERT-
8, ERT-8A and ERT-7A, personnel performing the aquifer test were assured of
obtalning response information which could be used to derive estimates of
storage coefficients and vertical hydraulic conductivities as well as
provide estimates of transmissivity.

During the preliminary shallow aquifer test, well ERT-7 was pumped at 12.6
gpme for 9.6 minutes. Maximum drawdown was about 12.4 feet. Based on these
results and discussions with individuals involved in sampling the wells, it
was decided to pump well ERT-7 at about six gpm for the anticipated eight-
hour test.

Lithologic and well completion logs and an illustration of the location of
the pumped well, ERT-7, and the observation wells precede the aquifer test
data which follow.

Prior to pumping the well, the depth to static water level below the top of
casing in the pumped well and the observation wells was measured using an
electronic well sounder with accuracy to .01 feet. The well was pumped
with a submersible pump and water level measurements were taken with an
electronic sounder at the pumped well, at the observation wells and at the
control wells.

Drawdown values determined from water level measurements in wells ERT-7 and

ERT-8 were adjusted using Jacob’s (1963) correction to allow the solutions
for confined aquifers to better apply to unconfined conditions:
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8' = s-sz/ZHo

where: 8' = adjusted drawdown
8 = drawdowmn and .
Ho = initial saturated thickness

The attached data sheets present the measurements for the pumped well, the
observation wells and the control wells during the pump test and recovery
period.

The test was started and the flow rate as measured by a Rotometer was set
at the maximum rate of six gpm. Subsequent measurements with a five-gallon
bucket and stop watch showed this pumping rate to hold constant at 6.67 gpm
throughout the entire test. Total pumping time was 8.25 hours.

The control wells were monitored approximately hourly during the pumping
period. Water level measurements were taken periodically at the pumping
well and the observation wells during the first four hours following
termination of pumping. An additional water level measurement was taken
about 10.5 hours following termination of pumping.

Water produced from the test was pumped directly into the French Limited
Lagoon.

INTERPRETATION:

The control wells ERT-1, REI-10-4, and REI-6-2 showed no obvious trends
during pumping. The water levels in all three wells fluctuated within
about 0.1 feet (see attached data sheets and plots). In all three wells
the highest water levels were observed at about 17:40 (5:40 p.m.). In the
control wells REI-10-4 and ERT-1, the lowest water levels were observed
near the end of the test. However, the total water level drop in these two
wells was only 0.07 and 0.05 feet respectively. Based on the pattern of
fluctuations seen in the control wells, it was thought that there was no
basis to adjust observation well measurements for extraneous influences.
Also, it was concluded that there was no obvious response in the control
wells due to pumping ERT-7 for 8.25 hours.

By use of the transmissivity and storage coefficients from the Theis
Recovery analysis (Figure A2-4), the dimensionless parameter u = r“S/4Tt at
the radius of the observation well, ERT-8 was less than 0.01 after 68
minutes of pumping.

Based on the "u" parameter criterion, the semi-log techniques would be
applicable to nearly the entire data range for the pumped well except that
portion subject to well bore storage influences. The time when well bore
effects were no longer significant was calculated using the method of
Schafer (1978) described in Section B-2.1 and shown below:

tc = 0,6(16-1)/(6.67/5.27%) = 7.11 minutes

* drawdown at time tc = 7 min.
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Adjusted drawdown for wells ERT-7 and ERT-8 were plotted against the log of
time on the attached Cooper and Jacob (1946) semi-log plots as provided in
Figures A2-2 and A2-3. Delayed yield effects that are often typical of
water table pump test response (see Neuman, 1975) were not obvious in
either plot but could be associated with the slight flattening of the semi-
log response curve between 20 and 80 minutes into the test. It is also
possible that the more rapid decline near the end of the test was due to
the influence of the lower permeability zones known to exist to the east,
west and south of well ERT-7. These lower permeable zones would exhibit
such an impermeable-boundary effect. Aquifer characteristics were
calculated using the results of the drawdown analysis. However, it was
concluded that the analysis of the recovery data would provide more
accurate results because of the longer duration of the recovery measurement
period and the fact that the recovery data would be less sensitive to
fluctuations in pumping rates.

The water level recovery data from wells ERT-7 and ERT-8 were analyzed on
semi-log Theis (1935) recovery plots of residual drawdown values adjusted
using Jacob’s correction versus the log of t/t’, where t 1is time since
pumping started and t’ is time since pumping stopped. The residual
drawdown plots in Figures A-4 and A-5 did not exhibit the fluctuations
apparent in the drawdown analyses. It 1s quite possible that the influence
of the lower permeability of the aquifer beyond the zone around the pumping
well has resulted in a slight decline in the recovery observed in the last
measurements. Nevertheless, there was no apparent influence of the lagoon
boundary in the recovery measurements.

Transmissivity values computed from the residual drawdown (recovery)
analyses were 1387 gpd/ft. and 1854 gpd/ft for wells ERT-8 and ERT-7,
respectively. The storage coefficient determined from the residual
drawdown analysis from observation well ERT-8 was 0.0041. This storage
coefficient is comparable to the upper range observed in confined aquifers.
This storage coefficient represents the early test or type A results from
Neuman (1975) and does not represent the specific yield of the unconfined
aquifer.

Results from observation wells ERT-7A and ERT-8A cannot be interpreted by
conventional techniques nor provide meaningful results. The delay in the
response of these wells 1is indicative of values of vertical hydraulic
conductivity that are much lower than the horizontal hydraulic
conductivity. Nevertheless, the vertical hydraulic conductivity in the
vicinity of wells ERT-7A and ERT-8A are high in comparison with the
vertical hydraulic conductivities indicated by the lack of response in the
shallow wells during pump testing of well ERT-10.
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A RESOURCE ENGINEERING COMPANY
SUBSURFACE EXPLORATION

Shest tof 1

LITHOGRAPHIC LOG OF ERT-7

Cllent : French LTD.

DRILLING AND SAMPLING INFORMATION

Propct Nome : French LTD. - Date Surtcd 9/28/87 Date Completed 9/28/87
Propct Location :  Crosby, Texas Method : Total Depth :  48°
Job Number : 275-21 Boring No : ERT-7 WELL COMPLETION INFORMATION
Logged By : D. Morgon Screen Dia : Length : 28.0°
roved By G. Spradley Slot Size : 010 Type ¢ PVC
Driled By : Gulf Coost Coring Cosing Dio : & L.ng!h T .7
g E 1) g1
- a8 T4 3% I35
SURFACE ELEVATION : s E & °F
3 Fill, roodbese, gravel, sond, silt L1
3 -
3 Sity Sond, tan to brown/ gray. fine to medium groined 1|STj80| - [/,
5 — some black sludge material 2 |ssi{s50/|0.4 /// -
E 3 |SS|50]0.2 //
03 4 [ss|as|02 {;
E: 51SS)125(02 /
] 6 [SS|50]06 92
15 =2 7 1S5{50|08 /// 1
3 Send, fine to medium grained, gray, strong odor g8 Issl13lo04 ':::-::-: :
3 9 |ss|NR i
20 — e B R
3 101SS]17] - :
3 11|SS|45] - X B
25 12|ss|25] - _:- X
E 13|ssj25| - -
] Sity Clay, groy with some red/brown mottles, stiff, 14|ss|s0f - g
30 with somne fine groined sond seoms 2= -
3 seme odor 15|sT{75/| - e
: 16 [sT|50]{ - -
353 Clayey Sit, light gray, soft, saturoted 171stl75] - _ 4
3 some odor 19|ST{NR z/‘z/
luo 3 20{sT|75| - ﬁ |
; 21{Ss|50| - /fj
E 22{ss]es] - 177;
45 23|sT|s50] - Zit .
3 Sity Clay, light groy, stiff, some tan motties, no odor 24|sT|84| - E
-
50-]  BORING TERMINATED AT 480’ .
55 .
-
3
3

HSA = HOLLOW

SAVE PR TYII'
§$ - DRIVEN SPUT SPOON
ST - PRCSSED SHELBY TUBE

B-~200
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ERT.

A RESOURCE ENGINEERING COMPANY
SUBSURFACE EXPLORATION

LITHOSRAPHIC LOG OF ERT-8

Sheet tof 1

Client : French LTD.

Propct Nome : French LTD.

Prqject Loculm : Crosby. Texas

Job Numbcr 275-21 Boring No : ert-8

DRILLING AND SAMPLING INFORMATION

Dote Storted : 9/28/87 Date Cempleted :

Method : MR Total Depth : 30
WELL COMPLETION INFORMA'HON

,9/28/87

Logge¢ By : D. Morgan Scresr Dio : Length : 295
oved By : G. Spradiey Slot Sze : OID Type : PVC
Driled By : Guif Coast Coring Casing Dia : 4° Lsngthr 19.6’
gl el L
£e 1 H-N-
SURFACE ELEVATION : “ e8] 2 S

VATER
LEVEL |

Fill, roodbase, grovei, sit, sond

Sity Sand, gray

Sand, fine to medium groined

25

Ciayey Silt, groy, some odor

(7]
«

8

&

Sity Clay, light gray, some tan mottles

Lllllj_lllllllj_l_llj_l (VY ILIIILI_IIIIIIllll'LlllllllllllllIlJLIllL lllllllllllllll JllllJlIllLllllJLll'lllellLLllIl LAkl

Stratigrophic brecks determined by odvonce of boring, cuttings,
and information obtained from adjocent well ERT-7

NSRRI

SaveLEs TYPE QQF', NG METHOC
§$ — DR'.EN SPLIT SPOON HSA = HOLLOW STEM AU DC = DRIVING CASING
ST - PRESSED SHELBY TUBE CfA ~ CONTINUOUS FUGHT AUCERS MD = MUD DRILUNG
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ERT 02 1843 s

A RESOURCE ENGINEERING COMPANY BORING LOG AND CONSTRUCTION

OF ERT-~-7A
Cliant ARCO Chemical Company DRILLING AND SAMPLING INFORMATION
Project Name Trench Lialted Site Dats Started  11-17-87 Datle Completeg 11-17-87
Project Location _SX980Y: Texas Method _ Mud Rotary Total Depth__ 20-3 16
Job No. —IT5-13=U1 Boring No.____ERL-Th WELL COMPLETION INFORMATION
Logged By Stave Freston Screen Dia. =inch § Length __15.0 feet
Approved By —SenTor Slot Size 0. 510 anE Tyoe
Drilleg By VeI, Thc. Drilier's Namp_ - 3PS0Ser __ Caging Dia. &~inch Lengtn 3.0 Teet
=
w |X w e > =z
- -
.k AR tHE R HEERIE
ru DESCAIPTION u !« |S2[%25 8 AEHEERE
g; g g l2s EE H tls c]l ¥ 5 En
s < 2 ; - g: g < :.—_ ole
SURFACE ELEVATION N ERH £ 2 . 2
— 0— cad 111 matarial v
3 B (1.5
<] Gray madiva to fine silty sand
p
s =
-
3
- L]
b
11’1g
3
3
.
=
15 —
3
=
20 —]
3
- {25.0")
25 =
3
=
30
pu
-
s
e
40 1
ut
i
45—
3
50 ‘
55 —
]
SAKPLER TYPE BORING METHOD
SS - DRIVED SPLIT SPOON  CA - CONTINUOUS FLIGHT AUGER  HSA - HOLLOW STEM AUGERS DC - DRIVING CASING
£1 - PNESSID SHELDY TUBE AC - NOCX CORE CFA - GONTINUOUS FLIGHT AUGENS  MD - MUD DRILLING
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ERT 023844 rentl of L

A RESOURCE ENGINEERING COMPANY BORING LOG AND CONSTRUCTION

OF ERT-8A
Chient ARCO Chemical an DRILLING AND SAMPLING INFORMATION
Project Nams French Limited Site Dste Started 11-17-87 Date Completed _ 11-17-87
Project Loeation Crasby: Tenas Method ___Mud Kotary Kocar Total Depth ___20.5 Taet
Job No. 213-23- Boring No. . ERI-8A WELL COMPLETION INFORMATION
Logged By Sieve Freaton Screen Dia, __4=inch Length __15.0 feet
Approved By TeT e — Slot Size U, UT0-Tnch Type ne
Drilled By s Inc. Dritisr's Name_.- SPencer Casing Dls.. _&=inch & Length__ 5.0 feet
&
. 3 w [X W _ -4 » z
- 2|2 |Ez].un| = 1%z ¢
zh - = 183%|wast 2 >l <40 ]| =
Ew DESCRIPTION w w |28x08 8 AL FFRE
8z il§ fgeiesf elac|*d (¢
= = < X z= g T o
SUNFACE ELEVATION 3|3 & 2 ¢ 8
— 0 _Rosd {il1 materisl (1.0")
=] - Gray sandy clay -
9 - Gray [ine to medium silty sand
33
-
3
-1
I.l)-§
=
15—
3
3
20—
- (22.0')
]
ot
25—
3
=
3
-—
10 ;
b
—
—
:
35 —
b
-1
- .
= [l
m
=
40— -
3
-
=
45
pu
b
50 . -
i
T .
L -
SAMPLER TYPE GBORING METHOD
£S - DRIVEN SPLIT SPOON  CA - CONTINUOUS FLIGHT AUGER HSA - HOLLOW STEM ACGERS DC - DRIVING CASING
ST - PRESSED SHELBY TUBE NG - ROCK CORE : CFA - CONTINUOUS FLIGHT AUGERS MD - MUD DAILLING
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~ 023845 -
HE} RESOURCE ENGINEERING o Lot L

SUBSURFACE EXPLORATION LITHOLOGIC LOG AND CONSTRUCTION

) OF RE! 10-4
Client - —FRENCH LTD, TASK GROUT DRILLING AND SAMPLING INFORMATION
‘ Project Nama ____French Led, 1986 F I, Date Started _2/28/86 ____ Dale Comploted _2/7a/86
Project Localion _Crosby, Texas Mathod MR Total Depth ___48.0 FEET -
Job No. al5=14 Boring No. _10=4 ___ ___ _ WELL COMPLETION INFORMATION
Logged By S.l. Saird : Screen Dia. _____ & _______ Lengih 12.80'
Approved By . Slol Size —n.010" Type PYC
Driled By —SeL : Casing Dia. __ 4" _____ Length 16.99
. w > 9 - -
a [ <] F ™
== staatom | 2 F w - e 2
31 DESCRIPTION ELEVATION| W w -] lJw ] a
X . - 1] F 4 w o
% IN FEET Y g 9 T |8 |¢e
z < 3 [ K 31E
SURFACE ELEVATION 14.40 s | 3 w |G o |s
° ” -
B T] SURFACE FILL. rubber d Y
3 8.4 : v 41
=] SAND AND GRAUEL o | L
10 — CLAYEY SAND . -
- 1.9 H
3 siry saxo R
- '.!' .':.'
20 -] o .' ’
= ' !
- ot r_':
3 =14.1 i1 R Y
—] SAxrY sILT - R
30 3 7.1 = ks
< cLavey siLT C
= — -20,6 .
= SLIGITLY SIL1T CLAY —22.6 27
S SILTY SAND/SAYDY SILT =
40 — 3
. T -33.6 " Ml =
50 —] ™0 48-0 BORING (8") DRILLED TO 48.0'. ELECTAIC LOGGED AKD COMPARED WiTH
=] CONTINUOUS SAMPLE LOG FROM ADJACENT 10-1. FOUR INCH MONITOR WELL SET
=] WITH FLUSH VALVE, 4" SCH &0 PYC FLUSH JOINTLD CASING AKD 0.010" SLOT
=] SCREEX #3 SAND USED IN SAND PACK, 1/2" BENTONITE PELLETS IN SEAL.
T GROUTED TO SURFACE WITH CEMENT/BENTONITE SLURRY. WELL CAPPED AND VENTZD.
=] ELEVATION OF TOP OF CASIKG SURVEYED.
-
=
-
~—
—
-
=
3 .
u
-
3
o :
3
L pm
SAMPLER TYPE BOQRING METHOD
$S - DRIVEN SPLIT SPOON CA - CONTINUOUS FLIGHY AUGER HSA - HOLLOW STEM AUGERS OC - DMVING CASING
ST - PRESSED SHELBY TUBE RC - ROCK CORE CFA - CONTINUOUS FLICHT AUGERS MO - MUD DRILLING

B-204,
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ERL 023848

A RESOURCE ENGINEERING COMPANY

FIGURE 4-)

Shull_ ol L

LITHOLOGIC LOG AND CONSTRUCTION
OF MW- F.RT ]

clen?

n_Craos
Job No lg-if _

—-Ergnch Led, Task Group -
Protect Name SE:RMN]T Date Started
Figject Locpy v, tX Method

Oste Compieteg
Tots! Depth

ORILL I AMP .
Lkgfw%s LING INFORUATL

3111787

wellld J WELL COMPLE TION INFORIAATION
PP Sereen Ol re——— Yenomaf) feet
Oriliea By ol Cosing Din. 8 l::;lh
. ¥ g | ¥ £ 181 &5
Tw - a3 BTRATUR > v -1 2 >
it otschIrTIoN 1‘23 eevanion] w | s [ygl3sl-
€2 go¥| o S £ 1§59 |¢
b SURT ACE ELEVATION ‘g "' : L] : 8 :
—u " o 13
§SILTY SAND-gray, medium to fine grain, wet,
]O_E asorted multicolored fines,odor A
20.]thin gravel ledge. slight odor, -dark gray |
4 sludge
sué ’
“=SANDY CLAY-gray, multicolor gravels washing N
Sfrom above
BSANDY SILT & SILTY SAND-tan, strong odor
y 407 .
E
'CRY SILTY CLAY-gray and white ,odor
503 |
J ORARTTOR CITWGES INTERPRETED BT CIARGES
—JIN DRILLING RATE,CUTTINGS IN MUD PIT, AND J
3.0GS FROM ADJACENT WELLS. WELL BORE WASIIED
30 j’d FEET WITH A ROTARY WASH DRILLING RIG
TRING A SODIUM BENTONITE MUD. CASING INSTALLID,
—hAND PACKED AND SEALED WITH ]/2' BENTONITE .
JELLETS, PRESSURE "GROUTED TO THE SURFACE
iITHH CLASS 1 CEMENT/BENTUNITE SLURRY VIA
REMIE PIPE. WELL CAPPED, VENTED, NOTCHED
ND COVERED WITH A CAST IRON STANDPIPE. i
.4
. ;
L
FanfLEn Jveg 2QMIND MEINOD

o8-
‘1

DRtvEn $PLYT SPOON CC-COMLTINUOUS CORNLA
PRESITD SHELBy TDE  CS-CALOAMIA SAUPLER

B-205

HSA - HOLLOW BTEM AUGERS AN-AIR ROTARY
CFA - CONTINUOUS FLICHT AUGERS  NW-ROTARY Wagw



072%47

Detalls of Monitor Wel) fonstruction ’
Project Name: FRENCH LIMITED SITE Soring Number: REI:6-2

Project Number: 275-02 —  Date Installed: 3-7-84

¥ater Level Msasurament: 6.65 (E1. = 8.83 on .4-10-84)

16.51
A | Top of Casing El.s 14,48
2.55
J Sma— P:otecgiv. Steel Casing
=2 Ground Surface El.= 12.9
4" {nch(id)

_ Cem'ent-lentonite Gn—;-t y
(4-1 mix)

PVC Well Casing

e 20p Of s@21 _2.5
e e DOt LOM OF sR21 4.5

top of screen _5.0

Bentonite Seal

\
227 AAANAAALAAN ANV

Sand Pack

Slotted Well Screen

Total Depth = 25.5 el 2T bottom of s.cncn 25,0

™ 8" = Borehole Diameter

RE

B-206




N2 1349
A2\ RESOURCE

&EL evcineerine
.« INCORPORATED

page 1 of 1

SUBSURFACE EXPLORATION

RECORD

cuem _FRENCH LIMITED TASK FORCE

Bering o M

B-207

Arcmitect Engineer C. n Jeb o 275-02
Propec: Name French Site Drawn By JIB
" Prowes Loeavon___Crosby, Texas Approves By LIDA
DRILLING and SAMPLING INFORMATION TEST DATA
Date Sterted 3'3‘¥0 ar Wi, b,
Dstv Complete 3-3-84 Hanr Dren. ;0 in,
Dritt Foraman___G. LIt tel _ Sooon Sameler 00—.2__in. :';' L.
Inspector JB Mock Core Ds.. b in. < § EE 8 r E
Boring Metnoa R¥ Shaby Tue 00D _in. | o |, ¥} § EE § ¢ | §. | . | EES
. S{EIS) E: Bzix| 28 165§ |323
: F1Slel €% ¥ TS| 39 o5& € 3:¢
SOIL CLASSIFICATION £, |zwl|Z 12183 3! EsEl § =5 | S» |fa:
HEIHRHHER A B4R B
SURFACE ELEVATION = A HHEBE R SRR £ |224
=] SILTY CLAYEY SAND, fine grained - -
- brown to gray, with some thin - -
—1 8ilty clay seanms p— -l
b (sM-sC) 'j- ~
= 4.5 -
— 5.0 .
p — SAND, fine to medium grained - P [
—] s8ray, loose : . | —~
®: 2 ]| :
— — i
— i [
- (SP-SW) u : -
— L : p
- 10 — : ll
- - i -
- - : -
= = ! —
= - -
e 15 —] —
= 3 =
— e EE-
—— _* e
L q p—
—— -y -
e 20 7] ul
- - o
- - -
= 3 -
— 25.0' (2% 25 . -
=] Boring Terminated at 25.0' - -
—-— : .
f — L
. " g:nril.ﬂ "rJ;!‘ »oON GROUND WATER DEPTN ) . uot;ung :a:'l;n%t: ns
- HSA ~ HOLLOW STEM AU
ST~ PRESSED SHELRY TUBE V AT COMPLETION FT. CFA — CONTINUOUS FLIGHT AUGERS
CA ~ CONTINUOUS FLIGHT AUGER V AFTER HRS, FT. DC - DRIVING CASING
RC —~ ROCK CORE WATER ON RODS FT. . MD -~ MUD DRILLING




HOUR

15
16

17
18
19
21
21
22
15
16
16
17
18
19
20
22
23
15
16
17
17
18
18
21
21
22

023849

PUMPED WELL:

ERT=-7

Aug 9, 1988

CONTROL WELL WATER LEVEL FLUCTUATIONS

MEAN-DEV
REI 6-2

MEAN-DEV
REI 10-4

MIN ERT 1 6.572 REI 6-2 7.1644 REI 10-4 5.693

35
5
5

35
9

55
8

55

55

45

16

45

45

18

45

50
S
5

45

30
0

45

12

50
5

58

58

MEAN-DEV

ERT 1
6.56 0.01
6.56 0.01
6.56 0.01
6.57 0.00
6.52 0.05
6.53 0.04
6.57 0.00
6.61 =0.04
6.67 <=0.10

7.17
7.18
7.18
7.08
7.16
7.18
7.17
7.16
7.20

=0.01
=0.02
-0.02
0.08
0.00
_0002
-0.01
0.00
-0.04

B-208

5.67
5.68
5.64
5.69
5.66
5.69
5.75
5.76

0.02
0.01
0.05
0.00
0.03
0.00
-0.06
=0.07




023850

C.Go
¢.G8
G.G7
G.Ge
G.05
C.C4
.03
G.G2
c.a1

—0.c1
—0.02
—0.03
—0.C4
—0.G5
—0.C6
—0.G7
—.C8
—0.08
—0.1

AQUIFER PUMP TEST WELL ERT—7/

CONTROL WELL WATER LEVEL FLUCTUATIONS

] +
-
— v a
- a
_ =3
| %
- O a B .
0 & 0 +
1t +
_ + + +
- 0 +
- Q
<

.
-
-—

T T T T T T T T L T T T T gl'—
C.E4 0.68 G.72 G.76 c.8 .84 .88 G.82 G.86

TIME
(W ert—1 + rei 6—2 rei 10—4

B-209



Saturated Thickness

static water level

N238%51

AQUIFER PUMP TEST - WELL ERT-7

48 feet

4,73 feet

TIME~-t DEPTH DRAWDOWN ADJUSTED RECOVERY
DRAWDOWN TIME-t'

min

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
10.00
12.00
14.00
16.50
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
65.00
75.00
86.00
95.00
105.50
135.00
165.00
195.00
255.00
315.00
375.00
435.00
495.00
495.50
496.00
497.00
498.00
499.00
500.00
501.00
502.00
503.00
504.00

ft

4.73
8.15
8.82
9.06
9.15
9.66
9.80
10.00
10.07
10.26
10.41
10.66
10.90
10.89
10.97
11.15
11.33
11.41
11.53
11.63
11.71
11.87
12.13
12.31
12.75
12.90
12.90
13.36
13.64
14.07
14.65
15.18
15.65
15.93
16.30
13.42
10.87
8.60
7.55
7.03
6.72
6.61
6.53
6.46
6.39

ft

0.00
3.42
4.09
4.33
4.42
4.93
5.07
5.27
5.34
5.53
5.68
5.93
6.17
6.16
6.24
6.42
6.60
6.68
6.80
6.90
6.98
7.14
7.40
7.58
8.02
8.17
8.17
8.63
8.91
9.34
9.92
10.45
10.92
11.20
11.57
8.69
6.14
3.87
2.82
2.30
1.99
1.88
1.80
1.73
1.66

ft

0.00
3.30
3.92
4.13
4.22
4.68
4.80
4.98
5.04
5.21
5.34
5.56
5.77
5.76
5.83
5.99
6.15
6.22
6.32
6.40
6.47
6.61
6.83
6.98
7.35
7.47
7.47
7.85
8.08
8.43
8.89
9.31
9.68
9.89
10.18
7.90
5.75
3.71
2.74
2.24
1.95
1.84
1.77
1.70
1.63

B-210

min

0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00

t/t!

991.00
496.00
248.50
166.00
124.75
100.00
83.50
71.71
62.88
56.00

Date: 8/10/88




“ m ar t vme wues

A~AmA
TIMECt DEPTH DRAWDOWN ADJUSTED RECOVERY T/t
DRAWDOWN TIME-t'

min ft ft ft min
505.00 6.33 1.60 1.57 10.00 50.50
507.00 6.23 1.50 1.48 12.00 42.25
509.00 6.17 1.44 1.42 14.00 36.36
511.00 6.11 1.38 1.36 16.00 31.94
513.00 6.06 1.33 1.31 18.00 28.50
515.00 6.02 1.29 1.27 20.00 25.75
520.00 5.92 1.19 1.18 25.00 20.80
525.00 5.85 1.12 1.11 30.00 17.50
530.00 5.80 1.07 1.06 35.00 15.14
535.00 5.75 1.02 1.01 40.00 13.38
541.00 5.70 0.97 0.96 46.00 11.76
545.00 5.68 0.95 0.94 50.00 10.90
555.00 5.62 0.89 0.88 60.00 9.25
565.00 5.58 0.85 0.84 70.00 8.07
575.00 5.55 0.82 0.81 80.00 7.19
585.00 5.51 0.78 0.77 90.00 6.50
615.00 5.37 0.64 0.64 120.00 5.13
645.00 5.30 0.57 0.57 150.00 4.30
675.00 5.25 0.52 0.52 180.00 3.75
735.00 5.19 0.46 0.46  240.00 3.06
' 1119.00 5.01 0.28 0.28 624.00 1.79

B-211




nN2:3853

‘ AQUIFER PUMP TEST - WELL ERT-7
OBSERVATION WELL - ERT-8
Saturated Thickness 45.12 feet Date: 8/9/88
static water level 4.88 feet

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t'
.DRAWDOWN TIME-t'

min ft £t ft min
0.00 4,88 0.00 0.00
0.50 4.90 0.02 0.02
1.00 4.95 0.07 0.07
2.00 5.06 0.18 0.18
3.00 5.16 0.28 0.28
4.00 5.25 0.37 0.37
5.00 5.35 0.47 0.47
6.00 5.42 0.54 -0.54
7.00 5.50 0.62 0.62
8.00 5.56 0.68 0.67
10.00 5.68 0.80 0.79
12.00 5.76 0.88 0.87
14.00 5.84 0.96 0.95
16.00 5.92 1.04 1.03
. 18.00 5.98 1.10 l1.09
20.00 6.03 1.15 l1.14
25,00 6.14 l.26 l1.24
30.00 6.22 1.34 l.32
35.00 6.29 1.41 1.39
40.00 6.35 1l.47 1.45
45,00 6.41 1.53 1.50
50.00 6.45 l.57 1.54
55.00 6.50 1.62 1.59
65.00 6.59 1.71 1.68
75.00 6.68 1.80 1.76
86,00 6.79 1.91 1.87
95,00 6.85 1.97 1.93
105.00 6.91 2.03 1.98
135.00 7.06 2.18 2.13
165.00 7.16 2.28 2.22
195.00 7.31 2.43 2.36
255,00 7.51 2.63 2.55
315.00 7.69 2.81 2.72
375.00 7.85 2.97 2.87
435.00 7.93 3.08 2.95
494.00 8.00 3.12 3.01
497.00 7.90 3.02 2.92 2.00 248.50
498.00 7.79 2.91 2.82 3.00 166.00
499.00 7.62 2.74 2.66 4.00 124.75
500.00 7.48 2.60 2.53 5.00 100.00
‘ 501.00 7.35 2.47 2.40 6.00 83.50
502.00 7.25 2.37 2.31 7.00 71.71
503.00 7.16 2.28 2.22 8.00 62.88
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nnNQsq

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY
DRAWDOWN TIME-t'

min

504.00
505.00
507.00
509.00
511.00
513.00
515.00
520.00
525.00
530.00
535.00
541.00
545.00
555.00
565.00
575.00
585.00
615.00
645.00
675.00
735.00

1120.00

ft

7.08
7.02
6.91
6.81
6.73
6.66
6.60
6.48
6.38
6.30
6.22
6.16
6.11
6.02
5.95
5.90
5.82
5.69
5.60
5.51
5.40
5.15

ft

2.20
2.14
2.03
1.93
1.85
1.78
1.72
1.60
1.50
1.42
1.34
1.28
1.23
1.14
1.07
1.02
0.94
0.81
0.72
0.63
0.52
0.27

ft

2.15
2.09
1.98
1.89
1.81
1.74
1.69
1.57
1.48
1.40
1.32
1.26
1.21
1.13
1.06
1.01
0.93
0.80
0.71
0.63
0.52
0.27
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min

9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
46.00
50.00
60.00
70.00
80.00
90.00

120.00
150.00
180.00
240.00
625.00

t/t!

56.00
50.50
42.25
36.36
31.94
28.50
25.75
20.80
17.50
15.14
13.38
11.76
10.90
9.25
8.07
7.19
6.50
5.13
4.30
3.75
3.06
1.79




Saturated Thickness

static water level

021858

AQUIFER PUMP TEST - WELL ERT-7

OBSERVATION WELL ERT-7A

44.62 feet
5.38 feet

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY
DRAWDOWN TIME-t'
min

min

0.00
0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
65.00
75.00
87.00
96.00
106.50
135.00
165.00
195.00
255.00
315.00
375.00
435.00
494.00
494.00
495.50
496.00
497.00
498.00
499.00
500.00

ft

5.38
5.38
5.38
5.42
5.46
5.50
5.53
5.55
5.58
5.60
5.65
5.68
5.70
5.74
5.76
5.78
5.84
5.85
5.88
5.90
5.92
5.94
5.96
6.00
6.03
6.10
6.14
6.15
6.22
6.26
6.29
6.38
6.46
6.53
6.57
6.61
6.61
6.60
6.59
6.56
6.50
6.47
6.42

ft

0.00
0.00
0.00
0.04
0.08
0.12
0.15
0.17
0.20
0.22
0.27
0.30
0.32
0.36
0.38
0.40
0.46
0.47
0.50
0.52
0.54
0.56
0.58
0.62
0.65
0.72
0.76
0.77
0.84
0.88
0.91
1.00
1.08
1.15
1.19
1.23
1.23

1.22

l1.21
1.18
l.12
1.09
1.04

ft

0.00
0.00
0.00
0.04
0.08
0.12
0.15
0.17
0.20
0.22
0.27
0.30
0.32
0.36
0.38
0.40
0.46
0.47
0.50
0.52
0.54
0.56
0.58
0.62
0.65
0.71
0.75
0.76
0.83
0.87
0.90
0.99
1.07
1.14
1.17
1.21
l.21
1.20
1.19
1.16
1.11
1.08
1.03

B-214

0.50
1.00
2.00
3.00
4.00
5.00

t/t!

991.00
496.00
248.50
166.00
124.75
100.00

Date: 8/9/88




023858

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY

min

‘ 501.00

502.00
503.00
504.00
505.00
507.00
509.00
511.00
513.00
515.00
520.00
525.00
530.00
535.00
541.00
545.00
555.00
565.00
575.00
585.00
615.00
645.00
675.00
735.00
1122.00

ft

6.40
6.37
6.33
6.32
6.30
6.26
6.24
6.22
6.20
6.18
6.13
6.11
6.07
6.06
6.03
6.02
5.97
5.94
5.90
5.89
5.83
5.83
5.73
5.70
5.56

ft

1.02
0.99
0.95
0.94
0.92
0.88
0.86
0.84
0.82
0.80
0.75
0.73
0.69
0.68
0.65
0.64
0.59
0.56
0.52
0.51
0.45
0.45
0.35
0.32
0.18

ft

1.01
0.98
0.94
0.93
0.91
0.87
0.85
0.83
0.81
0.79
0.74
0.72
0.68
0.67
0.65
0.64
0.59
0.56
0.52
0.51
0.45
0.45
0.35
0.32
0.18

n N1Tr

DRAWDOWN TIME-t'

min

6.00
7.00
8.00
9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
46.00
50.00
60.00
70.00
80.00
90.00
120.00
150.00
180.00
240.00
627.00

t/t!

83.50
71.71
62.88
56.00
50.50
42.25
36.36
31.94
28.50
25.75
20.80
17.50
15.14
13.38
11.76
10.90
9.25
8.07
7.19
6.50
5.13
4.30
3.75
3.06
1.79
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STEP DRAWDOWN TEST - WELL ERT-7

OBSERVATION WELL ERT-8A
Saturated Thickness 49.66 feet Date: 8/9/88
static water level 4.49 feet

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t!’
DRAWDOWN TIME-t’

min ft ft ft min
0.00 4.49 0.00 0.00
0.50 3.50 1.01 1.00
1.00 5.50 1.01 1.00
2.00 ° 5,52 1.03 1.02
3.00 5.57 1.08 1.07
4.00 5.61 1.12 1.11
5.00 5.64 1.15 1.14
6.00 5.67 1.18 1.17
7.00 4.70 0.21 0.21
8.00 4.72 0.23 0.23
10.00 5.77 1.28 1.26
12.00 5.81 1.32 1.30
14.00 5.85 1.36 1.34
16.00 5.87 1.38 1.36
18.00 5.90 1.41 1.39
20.00 5.92 1.43 1.41
25.00 5.97 1.48 1.46
30.00 6.01 1.52 1.50
35.00 6.05 1.56 1.54
40.00 6.07 1.58 1.55
45.00 6.10 1.61 1.58
50.00 6.12 1.63 1.60
55.00 6.15 1.66 1.63
65.00 6.19 1.70 1.67
75.00 6.21 1.72 1.69
86.00 6.26 1.77 1.74
95.00 6.28 1.79 1.76
105.00 6.31 1.82 1.79
135.00 6.37 1.88 1.84
165.00 6.41 1.92 1.88
195.00 6.46 1.97 1.93
255.00 6.56 2.07 2.03
315.00 6.63 2.14 2.09
375.00 6.72 2.23 2.18
435.00 6.76 2.27 2.22
494.00 6.80 2.31 2.26
495.00 6.79 2.30 2.25
498.00 6.75 2.26 2.21 3.00 166.00
499.00 6.76 2.27 2.22 4.00 124.75
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00
00

00
00

00
00
00
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
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.66
.62
.60
.55
S4
.52
.48
.45
.42
.40
.38
.35
.30
.27
.25
.21
.20
.16
.12
.10
.07
.98
.94
.92
.85
.70

REREARBRERRERERERERBRRERBEFEFPRENNDNDNONON

.17
.13
.11
.06
.05
.03
.99
.96
.93
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.89
.86
.81
.78
.76
.72
.71
.67
.63
.61
.58
.49
.45
.43
.36
.21

HHEHPBPRHPBPHERHBERRREBREREBREERBRNONDNDDN

.12
.08
.07
.02
.01
.99
.95
.92
.89
.87
.85
.83
.78
.75
.73
.69
.68
.64
.60
.58
.55
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.43
.41
.34
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235.00
621.00
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ADJUSTED DRAWDOWN (FT)

TIME(MIN.)

PUMPED WELL ERT-7 DRAWDOWN ANALYSIS

T =264 Q gpd/fe
8

T= »armoma; = 1467 gpd/ft
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FRENCH LIMITED PROJECT
CROSBY, TEXAS

FIGURE A2-2
SEMI-L0G DRAWDOWN ANALYSIS
POMPED WERiLL:.__BRT-7
OBSEAVATION weLL:_ _ERI-?
DATE(S): AN, o, 1988

PROJECT No. 28 OATE 9712 _..ns-.o:

PREPARED BY: APPLIED HYDROLOGY ASSOCIATES, DENVER CO.
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ADJUSTED DRAWDOWN (FT.)

-
(=}

2.0

3.0

to=5.9min

10

100

TIME (MIN.)

1000

OBSERVATION WELL ERT-8
ANALYSIS

a 264(Q)
S

T gpd/ft

_ 264(6.67)
- .5

T s 1174 gpd /11

Se T to
4790r%

o 7459 _

017
4730(9.2)° 0

* WELL ERT-8(r=9.211)
* WELL ERT-TA(r=11.211)
X WELL ERT-8A([r=14.31t)
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FRENCH LIMITED PROJECT
CRO8BY, TEXAS

. FIGURE A2-3
SENI-LOO DRAWDOWN ANALYSIS
PUMPED WELL: ENT-7
OBSERVATION wetL:__ ERT-3
ODATRIS): AUG. 9, 1888

PROJECT No. 28 DATE B9/12 In:vmou

PREPARED BY: APPLIED HYDROLOGY ASSOCIATES, DENVER CO.
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PUMPED WELL ERT-7 RECOVERY ANALYSIS
T =264 Q gpd/fe
As

T - 264 m“.az = 1854 gpd/ft
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FRENCH LIMITED PROJECT
CROSDY, TEXAS

FIGURE A2-4
THEIS RECOVERY ANALYSIS EAT

PUNPED WELL : ___BBT-7
OBSRRVATION WelL: _ART-7

DATE(S: Ava. 8, 1888

PROJECT Neo. OATE REVISION

PREPARED BY: APPLIED HYDROLOGY ASSOCIATES, DENVER CO.
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST: August 15, 1988
PUMPED WELL: ERT-10
TOTAL DEPTH: 50 FEET

OBSERVATION WELLS: ERT-9, radial distance 9.05 feet,
ERT-9A, radial distance 14.92 feet,
ERT-10A, radial distance 11.31 feet and
REI-10-4, radial distance 44.6 feet

CONTROL WELLS: ERT-1, ERT-1lA, ERT-8 and ERT-8A

BACKGROUND AND DESCRIPTION OF TEST:

The test of well ERT-10 was not in the original Work Plan for pump testing
the shallow alluvial zone dated June 13, 1988. The original Work Plan
called for testing well REI-10-3 located approximately 170 feet west of
well ERT-10.

In the review of the work plan, Ms. Kathleen O'Reiley of Region VI of the
U.S. EPA expressed concern that well REI-10-3 may not be representative
because of the low transmissivity associated with the single well recovery
analysis of the short term (15-minute) test performed on May 26, 1988. It
was agreed that the contractors to the French Limited Task Group would
perform a step drawdown or varliable rate test on wells REI-10-2, REI-10-3
and REI-10-4 to help select a well for pumping in a six- to eight- hour
test.

The results of these variable rate tests Iindicated that all three wells
were poor producers and transmissivities in the area were quite low.
Following discussion of these results with Ms. Kathleen O’Reiley on site on
August 11, 1988, it was agreed that AHA and ERT personnel would test either
well ERT-9 or ERT-10 rather than one of the wells at the REI-10 cluster.
The primary reason for pump testing either well ERT-9 or ERT-10 was to
provide information about aquifer characteristics between the low-
transmissivity REI-10 well cluster and the higher transmissivity zone
around well ERT-7. Well ERT-10 was selected for pumping because it
generally produced more water than well ERT-9 when purging the well prior
to sampling.

Lithologic and well completion logs and an illustration of the location of
the pumped well, ERT-10 and the observation wells precede the aquifer test
data which follow.

A preliminary variable rate test was performed on well ERT-10 by Applied
Hydrology Associates and ERT personnel on August 12, 1988 in order to
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select an appropriate pumping rate for the six- to eight-hour test. Water
level measurements were taken on the pumped well and on wells ERT-10A, ERT-
9 and ERT-9A. It was not possible to set or adjust the flow rate using the
in-line Rotometer because water was too turbid and dark to observe the
gage. Flow measurements were taken using a five-gallon bucket and stop
watch. The well was pumped for 30 minutes at a rate of approximately 0.93
gpm although it was difficult to maintain a constant rate without being
able to read the flow meter.

The drawdown after 31 minutes was only 2.33 feet, so the pumping rate was
increased to a rate which averaged about 2.14 gpm for the next 35 minutes.
An additional 7.14& feet of drawdown occurred after pumping at this rate for
35 minutes. Pumping was terminated and recovery measurements were taken
for about four hours after pumping stopped. Field measurements are
attached., Water produced from the test was pumped directly into the French
Limited Lagoon.

On the basis of the preliminary step test, it was decided to pump at a rate
of about 2.14 gpm during the six- to eight-hour test. The valve in the
discharge hose was left at the position which produced a rate of 2.14 gpm
in the latter portion of the step test, the pump remained in the well over
the weekend, and the test was started at 9:00 a.m. on August 15. Because
of the difficulty reading the flow meter, flow measurements were taken
almost continually with a five-gallon bucket and stop watch.

Prior to pumping the well, the depth to static water level below the top of
casing in the pumped well and the observation wells was measured using an
electronic well sounder with accuracy to .01 feet. The well was pumped
with a submersible pump and water level measurements were taken with an
electronic sounder at the pumped well, at the observation wells and at the
control wells.

After about 97 minutes into the test, the drawdown reached the pump level
even though the well was pumped at a rate of only about 2.05 gpm. Rather
than terminating the test, it was decided to continue pumping at a lower
rate. Subsequent measurements with a five-gallon bucket and stop watch
showed this pumping rate to average about 0.84 gpm and to range from 0.72
to 1.03 gpm. After pumping at this rate for about 220 minutes, the water
levels reached the pump intake and the test personnel were unable to
sustain the pumping rate at 0.84 gpm. For the last 113 minutes of the
test, the pumping rate averaged about 0.64 gpm and ranged from 0.59 to 0.71

gpm.

Recovery measurements were taken at the pumping well and the observation
wells for 342 minutes following termination of pumping.

Drawdown and residual drawdown . values determined from water level
measurements in wells REI-10-4, ERT-10 and ERT-9 were adjusted using
Jacob’s (1963) correction to allow the solutions for confined aquifers to
better apply to unconfined conditions:

g8' = s-sz/ZHo

where: 8' = adjusted drawdown
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s = drawdown and
Ho = initial saturated thickness

The attached data sheets present the measurements for the pumped well and
the observation wells during the pump test and recovery perliod. The data
sheets include the observed drawdowns and the corrected drawdowns for wells
REI-10-4, ERT-10 and ERT-9.

Water produced from the test was pumped directly into the French Limited
Lagoon.

INTERPRETATION:

The control wells ERT-1, ERT-8 and ERT-8a showed a similar diurnal pattern
as shown in Figure A2-6. Measurements at control well ERT-lA were not
included because organic chemicals in the well precluded precise
measurement via a well sounder. The diurnal fluctuation in wells ERT-1,
ERT-8 and ERT-8A was approximately 0.1 feet. No precipitation was recorded
during the test. The highest water levels appeared between 16:00 and 17:30
(4:00 and 5:30 p.m.) and the lowest levels appeared between 11:00 and 12:00
(11:00 a.m. and 12:00 p.m.) (see attached data sheets and plots).

Because of the relatively small response to pumping as measured at
observation well REI-10-4, it was decided to adjust the data for well REI-
10-4 for diurnal fluctuations based on the pattern of fluctuations seen in
the control wells. The response in wells ERT-9A and ERT-10A was so small
(less than .05 feet) that the drawdown response could not be interpreted
quantitatively with or without adjustment for the observed diurnal
fluctuations. Qualitatively, it is obvious that the lack of a significant
response in wells ERT-9A and ERT-10A (located 14.9 and 11.3 ft respectively
from the pumped well) 1is indicative of a vertical hydraulic conductivicy
that may be several orders of magnitude lower than the horizontal hydraulic
conductivity.

An adjustment of water level measurements for the observation well ERT-9
and the pumped well ERT-10 to the fluctuations measured at the control
wells was not performed because the diurnal fluctuation in water levels in
the control wells was so small relative to the drawdown response in the
test wells.

By use of the transmissivity and storage coefficients from the Birsoy and
ngners recovery analysis (Figure A2-7), the dimensionless parameter u =
r“8/4Tt at the radius of the observation well, ERT-9 was less than 0.01
after 170 minutes of pumping. Consequently, the constant pumping intervals
were still too short to apply semi-log analysis techniques to the drawdown
data from well ERT-9. ‘- However, the last six recovery measurements were
within the range where "u" is less than 0.01.

Based on the "u" parameter criterion, the semi-log technique would apply to
nearly the entire data range for the pumped well except that portion
subject to well bore storage influences. The time when well bore effects
were no longer significant was calculated using the method of Schafer
(1978) described in Section B-2.1 and shown below:
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te > 0.6(16-1)/(2.05/33.56%) = 147 minutes

* drawdown at time 98 minutes when the pumping rate declined rather
that at time.

Drawdown and adjusted drawdown values are included in the attached data
sheet. Following the procedures of Birsoy and Summers (1980), an adjusted
time was calculated for the drawdown data and a dimensionless time was
calculated for the recovery data.

The ratio of adjusted drawdown to the associated pumping rate for wells
ERT-9 and ERT-10 were plotted against the log of adjusted time on the
attached semi-log plots in Figures A2-6 and A2-7. The ratio of the
adjusted residual drawdown (recovery) to the final pumping rate were also
plotted against the log of dimensionless time on the same semi-log plots.
Well bore storage influences would preclude valid application of the Birsoy
and Summers technique to the drawdown data. Also, the technique would
apply to only the last few recovery data points. Consequently, the single
well data were mot used to evaluate aquifer characteristics.

Better results were obtained from the observation well ERT-9. The
transmissivity and storage coefficient calculated from the recovery data
from the semi-log plots were 754 gpd/ft. and .0058 respectively. The
hydraulic conductivity and transmissivity was about 50 percent of the
magnitude calculated from the ERT-7 well site but the storage coefficients
were similar. Delayed yield effects were not observed but could have been
masked by the variable pumping rate.

The u value at the radius of the observation wells REI-10-4 was too large
to permit satisfactory application of the semi-log techniques such as that
of Birsoy and igmmers for wvariable pumping rates. The dimensionless
parameter u = r®S/4Tt at the radius of the observation well, REI-10-4,
located 44.6 ft from the pumped well, was less than 0.01 after 2919 minutes
using the transmissivity and storage coefficients from the Boulton Delayed
Yield analysis in Figure A2-8. Consequently, the semi-log analysis
techniques could not be applied to either the drawdown or recovery data
from observation well REI-10-4,

Instead, the Boulton Delayed Yield Analyses was applied to the constant-
pumping-rate response observed in well REI-10-4 during the first 95 minutes
of pumping. Adjusted drawdown was plotted on log-log paper against time as
shown in Figure A2-8. The drawdown response at well REI-10-4 did not
follow a Theis response. A good match was obtalned using the early test
portion of a Boulton Delayed-Yield type curve with r/B equal to 1.5. The
calculated transmissivity from the match was 145 gpd/ft and the storage
coefficient from the early test match was 0.0008. These results seem
reasonable since the hydraulic conductivity decreases in the direction of
the REI-10-4 well and the results compare favorably with the results from
the step-drawdown test at well REI-10-2.

As indicated previously, the drawdown response in observation wells ERT-9A

and ERT-10A were not analyzed quantitatively because of the very small
(less than .05 ft.) response in these wells.

B~225




023867

L AGOON MARGIN

ERT-I
ERT-

-

ERT- ERT-4A

ERT-4\ ERT-1A
REI-10-3
REI-P=I0-3

[

R
REI-10-1 [ )
o

RE!-10-2

RT-I0A
RT-9A

El-10-4

1-P-10-2
El-P-10~4

ROAD

@ PumPED WELL
(@ OBSERVATION WELL

A\ CONTROL WELL
@ TEST LOCATION

i

o 25 80 100

FEET

FRENCH LIMITED TASKGROUP,INC.

FRENCH LIMITED SITE
CROSBY, TEXAS

LOCATION MAP

WELL TEST ERT-10
8/15/88

PROJECT NUMBER 26
oATE [nEv. prawwicneck [arrrov,

Applied
Myarelegy

=

ne.

B-226




3868
ERT

A RESOURCE ENGINEERING COMPANY

BORING LOG AND CONSTRUCTION
OF ERT-10

Clienl ——______ARCO Chemical Company
Project Name Frengh Limited Site

Dals Startec ___11-14-8: ___ Date Completed

DRILLING AND SAMPLING INFORMATION
1-16-R7

Project Locallon.TC'"lb_\l _Jexss —_ Method Mud Rotary Total Depth ___49.3 feer
Job No. 15-23-01 Boring No.___ERT-10 WELL COMPLETION INFORMATION
Lagged By.______ Steve Preston Screean Dia. __4-1 nch Length __ 0.0 feet
Approved By Slot Size ____0.010 inch Tyoe PVC
Oritted By ._PS1, Inc. ___ __ Driitar's Name—R. Spencer __ Casing Dia.. “’Nh i Length _20.0 feer
w x :_ I > F 4
- g E £ = l-:l"_ z + ‘é': Q ¢
Tw BS|lwx 2 > sl ot &
=y DESCRIPTION w w |9s|xoE o o |fE| Sw | S
[y N o |wTluesl © G 3jwgd | =
oz 3|y jgs|eas = ulgeg)*3 |
= s | < (= zz| o Siz" 8
SURFACE ELEVATION “l1e |g wo| & *» °
™~ © " Rosd 7111 matarial (1.5
g Gray silty medium to fine sand
5
3
lo—: B
-
15 =
20—
25 —
4
=
30 —
i. (33.0")
=! Gray fine to medjum sandy silt with clay lenses 100 [s.s. |35 R 100 [3-12 |
35 £13.0") .
—
3
‘o_- = Gray coarses sand and gravel
453
-l
3 :
- ]
- !
50 .
3 i
= (52.0" )
55 ] l
- !
B |
R_IYP BORING METHQD

SS - DAIVCH SPLIT SPOON  CA - CONTINUOULS FLIOHT AUGER
$1 - PRESSED SHELBY TUBE RC - ROCK CORE
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HEA - HOLLOW STEM AUGERS
CFA - CONTINUOUS FLIGHT AUQERS
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A RESQURCE ENGINEERING COMPANY

Sheet _L of _L

BORING LOG AND CONSTRUCTION
OF ERT-9

Cliant ARCO Chemical anv

Project Name French Limited Site

DRILLING AND SAMPLING INFORMATION

Date Staried __11-15-87 Date Completed ___11-15-87

Project Location tromby, Texas Method __Mud Rotary _____ _ Total Depth __34.3 feec
Job Ne. ~=2-0 Boring No. __ERT=? WELL COMPLETION INFORMATION
Logged By Steve Preacon Screen Dla. h=inch § Length 30.0 feet
Approved By Slot Slze . ne Type PVC
Orilied By 151, lne. Driller's Name—_R: Freston Casing Dia, __ 8=inch ¥ Length ___22.0 feet
o T E- 2 Zlw z
- AERTHG 2 R I EE R
tu DESCRIPTION “ | w |o2fxok] 8 1B EFRE
6y "REREA AFIEE R E
& < ! 5 g.— g = : = o &
SURFACE ELEVATION “ 1% |s we| 3 » v
[ O Woad Tiil material (1,09
—] Cray [ine to medium silty sand
53
E « Medium to coarse sand
pm
3
10—
15—
pm
20—
3
25 =
b
30 ~—
-
35
3
3
—
3
Ao—:
3
3
=
&5 =
3
0 = (s2.%")
- 4530
=IT=Uray Line silty sand
=] - Gray silty clay (54.3') 9 {35 |[s4.5] - 100{ -
55
-
L -
Ui BORING METHOD

€3 - ORIVEN SPLIT SPOON CA - CONTINUOUS FLIGHT AUGEAR
ST - PRESSED SHELBY TUBE AC - ROCK CORE -
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ERT 0 ot L

A RESOURCE ENGINEERING COMPANY BORING LOG AND CONSTRUCTION
OF ERT-9A
Chent ARCO Chenmical Company DRILLING AND SAMPLING INFORMATION
Project Name ___French Limited Sice Date Starlec __11-13 Date Completeg _11-15-87
Project Location _Lroshy, Texas Method __tud Kotary Total Depth_____J0.0 Teet
Job No. _275-23-01 Boring No. __ERTZ9A WELL COMPLETION INFORMATION
Logged By — Stuve Freston Scraen Dia.  4~=inc Length _ 13.0 feet
Approved By Slot Size 0. U!U-Incl—l Type ne
Drillsd By PSL, Inc. Drifler's Name.R:_Spencer____  Casing Dis, __4-Inch 8 ) 4nom 2.0 feet
. w | :__ [4 > F 4
- 21 IE-l el = £l3s S |lem
Tw - ¥ Slw3s 3 > =l 2k «
= w DESCRIPTION u - :g xof ] alss 2 3
3z § 18 [See8l - |[8[sz|%1 |8
= 3 < |2 z=| © = i
° SURFACE ELEVATION *|l% |5 vl 3 » °
— = Road fill material (1.5")
= Cray medium to fine silty sand
5
10 —
3 :
-
15 —
=
-
20 o
: - t
3 (23.0")
—
. 3
25 -
3]
=
- .
30 -
E
=
-y
B —
]
=
]
‘0 =
3
45 —
50 —
55 —
E
SAMPLER TYPE BORING METHQD
SS - DRIVEN SPLIT SPQOH  CA - GONTINUOUS FLIGHT AUGER HBA « HOLLOW STEM AUOERS DC ~ DRIVING CASING
81 - PRESSED SHCLBY TUDE RC - ROCK CONE CFA - CONTINUOUS FLIGHT AUGEAS  MD - MUD DRILLING
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ERT

A RESOURCE ENGINEERING COMPANY

Sheet ! of _I

BORING LOG AND CONSTRUCTION
OF ERT-10A '

Clignt Chemical an

Project Name French Limited Site

DRILLING AND SAMPLING INFORMATION

Date Starten _ 11-17-87 Dste Completed _ 11-17-87

Project Location _Crosby, Texas Msthod Mud Kotary Tolat Depth 20 lee
Job No. 275-23-01 Boring No.___ ERT=10A WELL COMPLETION INFORMATION
Logged By teve lreston Scresn Dia. A-inch Length 15.0 feet
Appraved By e - Slot Size U-0T0=Tnch Type PVC
Drilled By PSL, Ine. Driller's Name. X: Sponcer Casing Dia.- __&=inch ¢ Length __ 3.0 feet
] ¢ & ;—'— 2 > lw z
zk fE |Esloes| 5 [E)3:|.2 (¢
] DESCRIPTION | w |92]%35] 3 A EFRE
2 § |2 3|85 Slacl¥d |2
oz < : R ;l.g g | £= o [
SUNRFACE ELEVATION b s |3 wo| 2 ®” o
™ % " Raad 7111 saterial .0
Z1 Gray medium to fine silty sand
y
3
3
=
10 —
- :
pm
15 =~
=
3
20—
pm (23.0")
25 —
o
-
30 3
=
-
35 o
3
p
40 =]
3
45—
-
pui
3
-
55—
3
L =
SAMPLER TYPE BORING METHOD
SS - DRIVEN SPLIT SPOOH  CA - CONTINUOUS FLIGHT AUGER

ST - PRESSED SHELBY TUBE RC - AOCK CORE :
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n 02 ¥872 Shee1 .1 ol 1
REI RESOURCE ENGINEERING Lol

LITHOLOGIC LOG AND CONSTRUCT
\GF  SUBSURFACE EXPLORATION LoG CTION
OF RE! 10-4
Clignt e ___FRERCH LTD, TASK CROUL DRILLING AND SAMPLING INFORMATION
Project Name ___Franch Led, 1986 F.1, Dals Started _ 7/28/86 ___ Date Completed __2/28/p6
Project Location _Grosby, Texas Method — MR Total Depth____48.0 FEET
Job No. 275=14 Boring No.___10=4 WELL COMPLETION INFORMATION
Logged By S. L. Anizd Screen Dis. __ 4" Llength 12.80°
Approved By Slot Size ——0.0107 Tyoe PYC.
Dritled By L1y Casing Dia. ______4" ________ Langth _ 36,99
. w z g = z
- statom | 2 c ¥ 1-1. 21z
= DESCRIPTION ELEVATION| w w o Q |Jw |2
s e pr} [ x w o
w IN FEET s H w a z & T
oz 3 E] « S 3lz
| SUNTACE ELEVATION 14.40 b o " £ 813z
0 -
2] SURFACE FILL, rubber
=
= 8.4
=| SAKD AND GRAVEL 5.0
10 —] CLAYEY SAND ] o -
b 1.9 4
< SILTY SAKD i
3 143t -:.l
20 3 it 5] -
= : i 3o
[} 3
3 : -14.1 HE-L L
30 —] SANLY SILT 2 o le
] CLAYEY 5ILT A
b ~20,6
= SLIGiIL{ SILTY CLAY ~22.6 X
T SILTY SAND/SANDY SILT i
- i
40 - =
E :
= -33.6 2
50 —] 0 48.0 BORING (R") DRILLED TO 48.0'. ELECT&IC LOGGED AND COMPARED WITH .
=} CONTINUOUS SAMPLE LOG FROM ADJACENT 10-1. FOUR INCIl MONITOR WELL SET
] WITH FLUSH YALVE, 4" SCH 40 PVC FLUSH JOINTED CASIKG AKD 0,010" SLOT .
=] SCREEX #3 SAND USED 1N SAND PACK, 1/2" BENTONITE PELLETS IN SEAL.
=| GROUTED TO SURFACE WITH CEMENT/BENTONITE SLURRY. WELL CAFTED AND VENTZD.
] ELEVATION OF TOP OF CASIKG SURVEYED.
=
3
: .
-] -
-
3
- “y -
[ RORING METHCQD
SS - DRIVEN STLIT SPOCH CA - CONTINUOUS FLIGHT AUGER HSA - HOLLOW STEM AUGERS DC - DRIVING CARING
ST - PAESSCD SHELBY TUBE RC - ROCK CORE CFA - CONTINUOUS FLICHT AUGERS  MD - MUD DRILLING
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LITHOLOGIC LOG AND CONSTRUCTION
A RESOURCE ENGINEERING COMPANY OF MW- 0.

Chenm F:ﬁgn!é kgf_-__l_j_ﬂ Group. ’ DRILLING §\7$AMPLING ""Ol!lliluy P
"““H \ /87
::::::: I:.cm;_r n Zf_rn':hy - a:";:‘;"“cmi)‘rly ?:ll:l;.n;h leg 7]]

Job No (=21 we LRT T WELL COMPLETION INFORMATION
Logoed By . SLR e

Screen Dia. Lengih _}.%E 'gg:
Approved Oy Slot Size ' Tyoe "
Drillea By LD Cosing Dia. _8 _____ ____ Length 20 _feet

STRATUN
ELEVATION
(L4441

DESCRIPTION

NErTH
mITFY
SAMRED
INTEAVALS,
MU AEADGS
SAMPLE NO.
SAMELE YYPE
* AECOVERY
wallfh LEVYPL

SUNCACE ELEVATION

weLL
- courLcTIoN

2

Q
-]
-
Q9
b4
X
LY
<
=
Q
R

SILTY SAND-gray, medium-to fine grain, wet,
asorted multicolored fines,odor

e

thin gravel ledge- slight odor,-dark gray
siudge

SANDY CLAY-gray, multicolor gravels washing
from above
SBANDY SILT & SILTY SAND-tan, strong odor

N
A AN -
ool

(7]

1i1ititit

N
Q

'ERY SILTY CLAY-gray and white ,odor

‘ORFNTIOR CHARGES INTERPRETED BY CIARGES ™ |
IN DRILLING RATE,CUTTINGS IN MUD PIT, AND
OGS FROM ADJACENT WELLS. WELL BORE WASHED
O 47 FEET WITH A ROTARY WASH DRILLING RIG
RING A SODIUM BENTONITE MUD. CASING INSTALLHD,
KAND PACKED AND SEALED WITH ]1/2" BENTONITE '
"ELLETS, PRESSURE GROUTED TO THE SURFACE
#ITH CLASS 1 CEMENT/BENTONITE SLURRY ViA
‘REMIE PIPE. WELL CAPPEL, VENTED, NOTCIIED
ND COVERED WITH A CAST IRON STANDPIPE.

w
Jlluuuuruulun

und g

e

SAMELER VYR ) BONING ME THQD
<3« DRivEl $PY $POON CC-CONLTINUOUS CORNER HSA - HOLLOW STEM AUCERS AR«NA ROTARY
UOCRESIED Suit8s TUBE  C3-CALIFORMIA SAMM ER CFA - CONTINUDUS FLIONT AUGERS  AW-ROTARY WaSH
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A RESOURCE ENGINEERING COMPANY

OF ERT-1A

Shaet _L ot 1 _

BORING LOG AND CONSTRUCTION

Client Chemicsl an DAILLING AND SAMPLING INFORMATION
Project Name —__Erench Limited Site Date Sisrted _11-17-87 Date Completed __11-17-87
Project Location __Crosay, Texas Method ¥ud Rocary Total Depth __20.0 faet
Job No. 275-23-01 Boring No.__ ERT-1A WELL COMPLETION INFORMATION
Logged By Steve Freston Screen Dia, _ S=inch Length ___15.0 faeer
Approved By Slol Size 0 V=ine Type AC
Orilled By PET, Tnc. Driller's Name__X:_Spencer Casing Dla. _ - hen @ Length 3.0 Teet

[

g | £ 1.1 B0 8 |E|ws] Bla
zh = = |luzlae>] S w|3=s) £ |x
Tw DESCRIPTION w w :_- FHER § £T1Jw ;

- of - a
8z A HEEHE AL

SUNFACE ELEVATION " s |3 - n|* o
=3 o p—
=] Road f4ill matarial le.)
o Cray fine to medium silty sand
p
=
3
10—
5 - Gray {ine to medium silty sand 1-A }5.8.]1 13 - 100}1-2
- ' -
: =
1373 s
= -
- o
20— (20.0°) ! =1
-
] -
I 3
-
25—
3 ..
-
b
3
36—
pa
-
35— .
3
pm
[T
-
3
a5
=
E .
=
o=
o
5571 .
put
]
p
L 3
. MPLER TYP EQRING METHOD

$S - DRIVCH SPLIT SPOOR  CA - CONTINUQUS FLIGHT AUGER
ST - PRCSSED SHELBY TUBE RC - ROCK CORE :

HBA - HOLLOW STEM ACTERS

CFA - CONTINUOUS FLIGHT AUQLAS MO - MUD DRILLING

B-233
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ERL.

A RESOURCE ENGINEERING COMPANY
SUBSURFACE EXPLORATION

LITHOGRAPHIC LOG OF ERT-8

Shest 1of

Client : French LTD.

DRILLING AND SAMPLING INFORMATION

Projmct Name : French LTD, Oote Started : 9/28/87 Date Completed : 9/28/87
Project. Locotion : Crosby. Texas Methoc : MR Total Depth : ’
Job Nurrébor : I)27.?—21 Boring No : ert-8 ce o WEli!. COMPLETION LI:IF?"RMA;I;.)Q_
qum H . sMorgon resr VIO : N M .
Approved yBy t  G. Spradiey Slot Sze : .010 r,pﬂ : PVC
Driiled By : Gulf Coast Coring Casing Dia : 4° Length : 19.6'
gl =2l
RIPTION O Lo —
EE DESC 0 E g’i_:gg § 2
1 - (=]
SURFACE_ELEVATION : 3| g8l
J Fill, roodbose, grovel, sit, sond
3 -
3 Sity Sond, gray
5
10 <
15 =
20 = -
3 Sond, fine to medium grained | | |t | == -
253 £ -
3 Clayey Siit. gray, some odor 1=
- 1=
301 1= ]
353 £ -
; e
402 I
E E
: 4=
45 = i
3 1=
E i
4 Sity Clay, light gray, some tan mottles 1 [SS|50 | =
ssden T TT ] RAH=EE: 4
5 Stratigraphic breoks determined by odvance of boring, cuttings,
3 and information obtained from adjacent well ERT~7
55 2 N

$LuPLER TYPE
$5 - DRI-EN SPUT SPOON
ST - PRESSED SHELBY TUBE

B-234
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CFA — CONTINUOUS FUGHT AUGERS
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ERT

A RESOURCE ENGINEERING COMPANY

Sheet ! ot 1_

BORING LOG AND CONSTRUCTION
OF ERT-8A

Client ARCO Chemical Company

Project Name French Limited Site

Praject Location _Crosby, Teuss — :
Job No. 273-2)- Boring No.__ ERI-8A

DRILLING AND SAMPLING INFORMATION

Date Slarted 11-17-87 Date Completed _ 11~17-87
Melhod ___Mu Cary Total Depth 203 Teer

WEL% 90MPLET|0N INFORMATION

Logged By Steve Prewton Screen Dia, __4-inc Length __15.0 feet

Appraoved By Slot Size ___U-010-Inch _— — Type PVC

Orillad By P31, Tnc. Dritier's Name— N- Spencer Casing Dis.. _é-inch & Length___3:0 fest

[
) g £ E Es 4 E|w- 5w
h =l E Jesinys] 3 wi3dsl = |x
L DESCRIPTION w | 4 |22[¥35] 3 3l2E|duw | g
8z $1€ |2s|a52 Eloc|¥8 (&
= < 2 |§°|%ws g e |z= ol =
SUNFACE ELEVATION |3 13 ool 2 » o
™ 9" Toad 011 macerial 1.0)

= Gray sandy clay

- Gray fine to medium silty sand

L
=

(22.0")

»
w

3

&~
o

w
o

L'JJIIIIllllllll_lllIIIILIllllll_lLl[lLllLlllllllllllllllljlll lllLlllLllllllllllllljllLlLllJlJlllllLLU 1

55

l|||l||1ll|||ll

!

SAUPLER TYPE
%S - DAIVEN SPLIT SPOON  CA - CONTINUOUS FLIGHT AUGER
ST - PRESZEV SHELBY TUOE AC - ROCK CORE :
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SORING METHOD
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ERT-10 Aquifer Pump Test
. Control Well Water Level Fluctuations
mean-dev mean-dev mean-dev
ERT-8A ERT-1 ERT-8
hour mninute ERT-8A 5.15 ERT-1 6.30 ERT-8 4.50
11-00 1.00 6.35 -0-05
10.00 33.00 6.35 =0.05
10.00 1ll1.00 6.34 -0.04
9.00 43.00 6.32 -0.02
8.00 42.00 6.32 =-0.02
9.00 18.00 6.31 -0.01
11.00 34.00 6.36 -0.06
12.00 2.00 6.35 -0.05
12.00 32.00 6.35 -0.05
13.00 4.00 6.34 -0.04
13.00 31.00 6.33 -0.03
14.00 3.00 6.34 -0.04
14.00 47.00 6.32 -0.02
15.00 8.00 6.31 - =-0.01
15.00 34.00 6.31 -0.01
15.00 58.00 6.29 0.01
16.00 21.00 6.27 0.03
l6.00 37.00 6.27 0.03
l16.00 57.00 6.26 0.04
17.00 26.00 6.26 0.04
17.00 56.00 6.26 0.04
’ 18.00 26.00 6.27 0.03
18.00 56.00 6.27 0.03
19.00 26,00 6.27 0.03
19.00 56,00 6.28 0.02
20.00 26.00 6.28 0.02
20.00 56,00 : 6.29 0.01
21.00 26.00 6.28 0.02
21.00 56.00 6.29 0.01
10.00 42,00 4.54 -=0.04
10.00 18.00 4.54 -0.04
9.00 48.00 4.54 -0.04
9.00 24.00 4.53 -0.03
8.00 49.00 4.53 -=0.03
11.00 8.00 4.54 -0.04
11.00 40.00 4.54 -0.04
12.00 7.00 4.54 -0.04
12.00 45.00 4.53 -=0.03
13.00 11.00 4.52 -0.02
14.00 47.00 4.50 0.00
15.00 12.00 4.50 0.00
15.00 39.00 4.48 0.02
16.00 3.00 4.48 0.03
16.00 24.00 4.46 0.04
. 16.00 40.00 4.46 0.04
. 16.00 59.00 4.46 0.04
17.00 28.00 4.46 0.04
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hour

18.00
18.00
18.00
19.00
19.00
20.00
20.00
21.00
21.00
10.00
10.00

9.00

9.00

8.00
11.00
11.00
12.00
12.00
13.00
13.00
14.00
14.00
15.00
15.00
16.00
16.00
16.00
17.00
17.00
18.00
18.00
18.00
19.00
19.00
20.00
20.00
21.00
21.00
10.00

9.00
10.00

8.00

9.00
11.00

023878

minute ERT-8A

. 0.00
'28.00
58.00
28.00
58.00
28.00
58.00
28.00
58.00
19.00
42.00
50.00
25.00
50.00

9.00
41.00

7.00
45.00
12.00
37.00
13.00
48.00
13.00
40.00

4.00
25.00
41.00

0.00
29.00

1.00
29.00
59.00
29.00
59.00
29.00
59.00
29.00
59.00

8.00
40.00
31.00
46.00
20.00

4.00

5.18
5.18
5.17
5.17
5.16
5.19
5.19
5.19
5.18
5.17
5.16
5.17
5.15
5.13
5.13
5.12
5.12
5.12
5.11
5.11
5.12
5.13
5.14
5.14
5.15
5.15
5.16
5.16
5.16

mean~dev
ERT-8A

mean-dev

5.15 ERT-1

-0.03
-0.03
-0.02
-0.02
-0.01
-0.04
-0.04
=0.04
-0.03
=0.02
=0.01
=-0.02
0.00
0.02
0.02
0.03
0.03
0.03
0.04
0.04
0.03
0.02
0.01
0.01
0.00
0.00
-0.01
-0.01
-0.01
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ERT-1
6.30 ERT-8

4.46
4.47
4.48
4.48
4.49
4.50
4.50
4.50
4.51

mean-dev
ERT-8
4.50

0.04
0.03
0.02
0.02
0.01
0.00
0.00
0.00
-0.01
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deviations from mean

ERT—10 Aquifer Pump Test

Control Well Water Level Fluctuations
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STEP DRAWDOWN TEST - WELL ERT 10
Saturated Thickness 50 feet
static water level 5.74 feet

TIME-t DEPTH DRAWDOWN ADJUSTED t-Ti  ADJUSTED s/Q RECOVERY t/t’

DRAWDOWN TIME TIME-t'
min ft ft ft min min
0.00 5.74 0.00 0.00 0.00 0.00
1.00 7.68 1.94 1.90 1.00 0.93
2.00 8.16 2.42 2.36 2.00 1.15
3.00 8.40 2.66 2.59 3.00 1.26
4.00 8.57 2.83 2.75 4,00 1.34
5.00 8.70 2.96 2.87 5.00 1.40
6.00 8.80 3.06 2.97 6.00 1.45
7.00 8.86 3.12 3.02 7.00 1.47
8.00 9.12 3.38 3.27 8.00 1.59
9.00 9.16 3.42 3.30 9.00 1.61

10.00 10.20 4.46 4.26 10.00 2.08
11.00 11.27 5.53 5.22 11.00 2.55
12.00 11.84 6.10 5.73 12.00 2.79
13.00 12.42 6.68 6.23 13.00 3.04
14.00 13.02 7.28 6.75 14.00 3.29
15.00 13.58 7.84 7.23 15.00 3.52
20.00 16.08 10.34 9.27 20.00 4.52
25.00 17.38 11.64 10.29 25.00 5.02
30.00 18.47 12.73 11.11 30.00 5.42
35.00 19.67 13.93 11.99 35.00 5.85
40.00 20.95 15.21 12.90 40.00 6.29
70.00 29.02 23.28 17.86 70.00 8.71
75.00 31.07 25.33 18.91 75.00 9.23
80.00 33.25 27.51 19.94 80.00 9.73
85.00 36.20 30.46 21.18 85.00 10.33
88.00 37.82 32.08 21.79 88.00 10.63
90.00 39.20 33.46 22.26 90.00 10.86
98.50 39.30 33.56 22.30 1.50 40858.12 26.54
100.00 37.82 32.08 21.79 3.00 15619.62 25.94
105.00 33.97 28.23 20.26 8.00 4283.36 24.12
110.00 31.15 25.41 18.95 13.00 2384.30 22.56
115.00 29.90 24.16 18.32 18.00 1663.01 21.81
120.00 29.42 23.68 18.07 23.00 1296.15 21.51
125.00 29.05 23.31 17.88 28.00 1078.60 21.28
130.00 28.90 23.16 17.80 33.00 936.80 21.19
135.00 29.35 23.61 18.04 38.00 838.28 21.47
140.00 29.47 23.73 18.10 43.00 766.66 21.55
145.00 29.50 23.76 18.11 48.00 712.82 21.57
150.00 29.60 23.86 18.17 53.00 671.31 21.63
155.00 29.60 23.86 18.17 58.00 638.67 21.63
160.00 29.92 24.18 18.33 63.00 612.63 21.83
170.00 30.20 24.46 18.48 73.00 574.49 22.00
180.00 30.62 24 .88 18.69 83.00 548.97 22.25
190.00 30.93 25.19 18.84 93.00 531.73 22.43
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TIME-t DEPTH DRAWDOWN ADJUSTED t-Ti ADJUSTED s/Q RECOVERY t/t’
DRAWDOWN TIME TIME-t'
min ft ft ft min min

200.00 31.96 26.22 19.35 103.00 520.19 23.03

210.00 32.85 27.11 19.76 113.00 512.76 23.52

220.00 33.68 27.94 20.13 123.00 508.36 23.97

230.00 34.35 28.61 20.42 133.00 506.27 24.32

240.00 35.21 29.47 20.79 143.00 505.99 24.74

250.00 36.05 30.31 21.12 153.00 507.13 25.15

260.00 36.73 30.99 21.39 163.00 509.43 25.46

270.00 38.04 32.30 21.87 173.00 512.66 26.03

280.00 238.84 33.10 22.14 183.00 516.68 26.36

292.00 38.75 33.01 22.11 195.00 522.36 26.33

304.50 38.74 33.00 22.11 207.50 529.09 26.32

314.00 39.68 33.94 22.42 217.00 534.67 26.69

320.00 39.74 34.00 22.46 3.00 2725.49 35.06

330.00 39.23 33.49 22.27 13.00 1750.76 34.80

340.00 39.41 33.67 22.33 23.00 1488.73 34.90

350.00 39.32 33.58 22.30 33.00 1352.17 34.85

360.00 40.20 34.46 22.59 43.00 1266.10 35.29

370.00 40.20 34.46 22.59 53.00 1206.60 35.29

400.00 40.25 34.51 22.60 83.00 1105.44 35.31

430.00 40.25 34.51 22.60 113.00 1058.63 35.31

431.45 39.30 33.56 22.30 1.45 729.06 34.84 1.45 297
431.75 139.00 33.26 22.20 1.75 603.90 34.68 1.75 246
432.88 38.00 32.26 21.85 2.88 366.57 34.15 2.88 150.
434.02 37.00 31.26 21.49 4,02 262.34 33.58 4.02 107.
435.08 36.00 30.26 21.10 5.08 207.41 32.97 5.08 85
436.50 35.00 29.26 20.70 6.50 161.90 32.34 6.50 67
437.82 34.00 28.26 20.27 7.82 134.42 31.68 7.82 55
439.13 33.00 27.26 19.83 9.13 115.01 30.98 9.13 48
440.50 32.00 26.206 19.36 10.50 99.90 30.26 10.50 41
442.90 31.00 25.26 18.88 12.90 81.17 29.50 12.90 34
443.33 30.00 24.26 18.37 13.33 78.53 28.71 13.33 133
446.43 28.00 22.26 17.30 16.43 63.58 27.04 16.43 27
449 .50 26.00 20.26 l6.16 19.50 53.47 25.24 19.50 23
451.60 24.00 18.26 14.93 21.60 48.21 23.32 21.60 20
454 .97 22.00 16.26 13.62 24.97 41.63 21.28 24.97 18
460.50 20.00 14.26 12.23 30.50 33.99 19.10 30.50 15
466.08 18.00 12.26 10.76 36.08 28.67 16.81 36.08 12
473.17 16.00 10.26 9.21 43.17 23.91 14.39 43.17 10
481.92 14.00 8.26 7.58 51.92 19.85 11.84 51.92 9
493.42 12.00 6.26 5.87 63.42 16.23 9.17 63.42 7
500.50 11.00 5.26 4.98 70.50 14.60 7.79 70.50 7
508.83 10.00 4.26 4.08 78.83 13.06 6.37 78.83 6
519.17 9.00 3.26 3.15 89.17 11.56 4.93 89.17 5
533.87 8.00 2.26 2.21 103.87 9.95 3.45 103.87 S
552.53 7.00 1.26 1.24 122.53 8.48 1.94 122.53 4
562.83 6.60 0.86 0.85 132.83 7.85 1.33 132.83 &4
588.25 6.00 0.26 0.26 158.25 6.66 0.41 158.25 3
622.00 5.85 0.11 0.11 192.00 5.58 0.17 192.00 3
652.00 5.83 0.09 0.09 222.00 4,90 0.1 222.00 2
682.00 5.81 0.07 0.07 252.00 4,40 0.11 252.00 2
712.00 5.8l 0.07 0.07 282.00 .00 0.11 282.00 2
742,00 5.80 0.06 0.06 312.00 3.69 0.09 312.00 2
772.00 5.80 0.06 0.06 342.00 3.43 0.09 342,00 2
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.15
.99
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STEP DRAWDOWN TEST -~ WELL ERT 10

OBSERVATION WELL -~ ERT-9

Saturated Thickness 50 feet
static water level 5.55 feet

TIME-t DEPTH DRAWDOWN ADJUSTED t-Ti ADJUSTED s/Q RECOVERY t/t!

DRAWDOWN TIME TIME-t'
min ft ft ft min min
0.00 5.55 0.00 0.00 0.00 0.00
4.50 5.82 0.27 0.27 4.50 0.13

11.50 6.08 0.53 0.53 11.50 0.26
15.50 6.31 0.76 0.75 15.50 0.37
20.50 6.49 0.94 0.93 20.50 0.45
25.50 6.60 1.05 1.04 25.50 0.51
30.50 6.66 1.11 1.10 30.50 0.54
35.50 6.72 1.17 1.16 35.50 0.56
40.50 6.78 1.23 1.21 40.50 0.59
45.50 6.82 1.27 1.25 45.50 0.61
50.50 6.85 1.30 1.28 50.50 0.63
55.50 6.87 1.32 1.30 55.50 0.64
60.50 6.91 l1.36 1.34 60.50 0.65
70.50 6.96 1.41 1.39 70.50 0.68
80.50 6.98 1.43 1.41 80.50 0.69
90.50 6.96 1l.41 1.39 90.50 0.68
100.50 6.90 1.35 1.33 3.50 12662.56 1.59
105.50 6.82 1.27 1.25 8.50 3970.94 1.49
110.50 6.76 1.21 1.20 13.50 2283.27 l.42
115.50 6.71 l.16 l.15 18.50 1615.67 1l.36
120.50 6.67 l1.12 l.11 23.50 1269.43 1.32
125.50 6.63 1.08 l1.06 28,50 1061.75 l.27
130.50 6.60 1.05 1.04 33.50 925.35 1.24
135.50 6.58 1.03 1.02 38.50 830.10 1.21
140.50 6.57 1.02 1.01 43.50 760.59 1.20
145.50 6.55 1.00 0.99 48.50 708.18 1.18
150.50 6.54 0.99 0.98 53.50 667.69 1l.17
155.50 6.53 0.98 0.97 58.50 635.80 1l.16
160.50 6.52 0.97 0.96 63.50 610.32 1.14
170.50 6.50 0.95 0.94 73.50 572.96 l1.12
180.50 6.49 0.94 0.93 83.50 547.94 1.11
190.50 6.48 0.93 0.92 93.50 531.03 1.10
200.50 6.48 0.92 0.92 103.50 519.73 1.09
210.50 6.46 0.91 0.90 113.50 512.47 1.07
220.50 6.47 0.92 0.91 123.50 508.20 1.09
232.30 6.46 0.91 0.90 135.30 506.06 1.07
240.00 6.47 0.92 0.91 143.00 505.99 1.09
249.10 6.45 0.90 0.89 152.10 506.98 l1.06
261.50 6.44 0.89 0.88 164.50 508.86 1.05
269.60 6.42 0.87 0.86 172.60 512.52 1.03
281.70 6.44 0.89 0.88 184.70 517.43 1.05
28%8.35 6.42 0.87 0.86 192.35 521.03 1.03
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TIME-t DEPTH DRAWDOWN ADJUSTED

min

302.15
309.33
321.65
333.00
341.33
351.82
359.50
371.77
379.18
391.65
400.12
411.43
419.50
431.90
436.50
441.92
448.50
452.50
456.00
461.50
467.00
472.00
477.00
482.50
490.00
500.00
510.00
520.00
530.00
540.00
550.00
560.00
590.00
620.00
650.00
680.00
710.00
740.00
770.00

£t

6.42
6.40
6.35
6.32
6.31
6.28
6.27
6.25
6.25
6.22
6.20
6.18
6.17
6.15
6.15
6.12
6.08
6.05
6.02
5.99
5.95
5.93
5.90
5.88
5.85
5.82
5.80
5.76
5.72
5.71
5.70
5.68
5.65
5.61
5.59
5.58
5.58
5.57
5.56

ft

0.87
0.85
0.80
0.77
0.76
0.73
0.72
0.70
0.70
0.67
0.65
0.63
0.62
0.60
0.60
0.57
0.53
0.50
0.47
0.44
0.40
0.38
0.35
0.33
0.30
0.27
0.25
0.21
0.17
0.16
0.15
0.13
0.10
0.06
0.04
0.03
0.03
0.02
0.01

DRAWDOWN
ft

0.86
0.84
0.79
0.76
0.75
0.72
0.71
0.70
0.70
0.67
0.65
0.63
0.62
0.60
0.60
0.57
0.53
0.50
0.47
0.43
0.40
0.38
0.35
0.33
0.30
0.27
0.24
0.20
0.17
0.16
0.14
0.13
0.10
0.06
0.04
0.03
0.03
0.02
0.01

t-Ti ADJUSTED

205.15
212.33
4.65
16.00
24.33
34.82
42.50
54.77
62.18
74.65
83.12
94.43
102.50
1.90
6.50
11.92
18.50
22.50
26.00
31.50
37.00
42.00
47.00
52.50
60.00
70.00
80.00
90.00
100.00
110.00
120.00
130.00
160.00
190.00
220.00
250.00
280.00
310.00
340.00
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TIME

min

527.76
531.88
2382.69
1648.66
1466.01
1333.76
1269.65
1197.95
1166.33
1125.96
1105.17
1083.46
1071.27
556.15
161.90
87.91
56.39
46.26
39.96
32.90
27.95
24.59
21.95
19.63
17.16
14.70
12.87
11.45
10.33
9.41
8.65
8.01
6.59
5.63
4.94
4.43
4.03
3.71
3.45

s/Q RECOVERY t/t!

1.03
1.00
1.24
1.19
1.18
1.13
1.12
1.09
1.09
1.04

TIME-t'
min

1.01 -

0.98
0.96
0.93
0.93
0.89
0.82
0.78
0.73
0.68
0.62
0.59
0.54
0.51
0.47
0.42
0.38
0.32
0.27
0.25
0.23
0.20
0.16
0.09
0.06
0.05
0.05
0.03
0.02

1.90 227.32

6.50
11.92
18.50
22.50
26.00
31.50
37.00
42.00
47.00
52.50
60.00
70.00
80.00
90.00

100.00
110.00
120.00
130.00
160.00
190.00
220.00
250.00
280.00
310.00
340.00

67.15
37.07

24.24

20.11
17.54
14.65
12.62
11.24
10.15
9.19
8.17
7.14
6.38
5.78
5.30
4.91
4.58
4.31
3.69
3.26
2.95
2.72

- 2.54

2.39
2.26




N2 8%4

Saturated Thickness

static water level

OBSERVATION WELL - REI-1l0-4

STEP DRAWDOWN TEST - WELL ERT 10

42.54 feet

5.46 feet

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t!

min

0.00
20.00
40.00
68.00
91.00

125.00

150.00

181.00

214.00

246.00

273.00

308.00

344.00

365.00

392.00

420.00

430.00

431.00

435.00

440.00

448.00

453.00

458.00

475.00

490.00

505.00

520.00

535.00

550.00

565.00

595.00

625.00

655.00

685.00

715.00

745.00

775.00

ft

5.46
5.60
5.85
6.02
6.1l
6.04
5.97
5.95
5'95
5.94
5.93
5.93
5.88
5.88
5.84
5.82
5.82
5.82
5.81
5.80
5.78
5.77
5.75
5.70
5.66
5.63
5.60
5.58
5.57
5.55
5.55
5.51
5.50
5.50
5.49
5.48
5.47

ft

0.00
0.14
0.39
0.56
0.65
0.58
0.51
0.49
0.49
0.48
0.47
0.47
0.42
0.42
0.38
0.36
0.36
0.36
0.35
0.34
0.32
0.31
0.29
0.24
0.20
0.17
0.14
0.12
0.11
0.09
0.09
0.05
0.04
0.04
0.03
0.02
0.01

ft

0.00
0.14
0.39
0.56
0.65
0.58
0.51
0.49
0.49
0.48
0.47
0.47
0.42
0.42
0.38
0.36
0.36
0.36
0.35
0.34
0.32
0.31
0.29
0.24
0.20
0.17
0.14
0.12
0.11
0.09
0.09
0.05
0.04
0.04
0.03
0.02
0.01
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DRAWDOWN TIME-t'

min

1.00 431.00

5.00
10.00
18.00
23.00
28.00
45.00
60.00
75.00
90.00

105.00
120.00
135.00
165.00
195.00
225.00
255.00
285.00
315.00
345.00

87.00
44.00
24.89
19.70
16.36
10.56
8.17
6.73
5.78°
5.10
4.58
4.19
3.61
3.21
2.91
2.69
2.51
2.37
2.25
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RELLT

8/Q (FT/GPM)

I

100

ADJUSTED TIME

OBSERVATION WELL ERT-9
RECOVERY ANALYSIS |

e 264

asa P/

264
Ta 038 s 764 gpd/ft

T (to!
8= 7907

759(3.0)
8 = 4790(9.08)

B-245

FRENCH LIMITED PROJECT
CROBBY, TEXAS

FIGURE A2-7

SaWI-L0G PLOT JF 370 VERSUS ADJUSTED TiNE

PUNPED WRLLi.___EAT-1Q
..OBSERVATION WELL:_ERT-9 ~
.DATR(B) 185, 1088

PROJECT Ne. 28 ODATE 'IIVII!ON

PREPARED BY: APPLIED HYDROLOQGY ASSOCIATES, DENVER CO.




ADJUSTED DRAWDOWN (FT.)

023887

JENE U NP S A

OBSERVATION WELL RE1-10-4 ANALYSIS

H
i
HE
[
o
v

T=1.0Q=2.05 x 1440 min./da
Ay 8 #7(1.62)

T = 145 gpd/ft = 01346 ft2/min

14 Se =& Tt =4 (01346 £t2/min) (27 min.)
HH Tt (44.6)2

Se = .000785

B-246

-Ir

. ANE
-

. TIME {min)

FRENCH LIMITED PROJECT
CROSBY, TEXAS

FIQURE A2-8
SOULTON PELAYED YIELD ANALYSIS
PUNPED wEils.__ EAT-10
..OBSERVATION waLL:
DATE(S): _AUGUST 15, 1888

PROJECT No. 28 loaTEg/12 _..n_:u.oz

PREPARED BY: APPLIED HYDROLOQY ASSOCIATES, DENVER CO.
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TESTS: August 8 and 9, 1988

PUMPED WELL: ERT-20

TOTAL DEPTH: 50 FEET

OBSERVATION WELLS: GW-08, radial distance 156.7 feet

CONTROL WELLS: ERT-21, REI-6-2, ERT-7 and ERT-7A

BACKGROUND AND DESCRIPTION OF TEST:

The test of well ERT-20 was included to provide information about aquifer
.characteristics in the vicinity of possible groundwater recovery wells
south of the French Limited Lagoon. There were no preliminary aquifer test
data upon which to base a pumping rate for the test. The personnel
performing the test decided to attempt to pump the well at 10 gpm because
at this rate there was a possibility that a response would occur in
observation well GW-08 during an eight-hour test. An observation well
response would be needed to determine a storage coefficient at this
location and it was thought that pumping at a lower rate would not likely
produce a response in the nearest well.

Lithologic and well completion logs and an illustration of the location of
the pumped well, ERT-20 and the observation well, GW-8, precede the aquifer
test data which follow.

Prior to pumping well ERT-20, the depth to static water level below the top
of casing in the pumped well and the observation wells was measured using
an electronic well sounder with accuracy to .0l feet. The well was pumped
with a submersible pump and water level measurements were taken with an
electronic sounder at the pumped well, the observation well and the control
wells. The test was started and a flow measurement of ten gpm was obtained
using the bucket and stop watch. The water level was drawn down to the
pump Iintake after about 25 minutes and the test was terminated after 25.5
minutes of pumping. Only one flow measurement had been taken with a bucket
and stop watch. The, flow was visually observed to have declined to a
trickle after 25 minutes. Recovery measurements were taken at the pumped
well for about 3.75 hours following termination of pumping.

The test was re-run on August 9. Water level measurements were taken with
an electronic sounder at the pumped well, the observation well and the
control wells. The drawdown values for the pumped well were determined
and corrected using the following correction developed by Jacob (1963) to
allow the solutions for confined aquifers to better apply to unconfined
conditions:

8’ = s-sz/ZHo
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vhere: 8’ = adjusted drawdown
8 = drawdown and
Ho = initial saturated thickness

The attached data sheet presents the measurements for the pumped well
during the pump test and recovery period. The data sheets include the
obgserved drawdowns and the corrected drawdowns.

During this test the water was pumped through a hose directly into the
French Limited Lagoon some distance away. Flow measurements were taken
using a bucket and stop watch by personnel monitoring the control wells;
flow data were recorded on the control well monitoring forms. The valve
in the discharge hose was set to maintain a constant rate of about 2.04 gpm
for the first 75 minutes of the test. However, the flow Increased to about
2.5 gpm after 85 minutes of pumping. It was assumed that the pumping rate
changed after 78 minutes into the test although the change may have been
more gradual than abrupt. The flow measurement after 115 minutes of
pumping showed a rate of 2.67 gpm. Even though the generator powering the
submersible pump was changed 99 minutes into the test, this was not thought
to have contributed to the increase in the pumping rate because most of the
rate increase occurred prior to changing generators.

At approximately 136.5 minutes into the test, the pump stopped
unexpectedly. Water level recovery measurements were taken at the pumped
well during the first two hours following termination of pumping. The pump
was pulled following completion of the recovery measurements. A short in
the electrical cable had caused the pump to stop. The cable was replaced.
However, it was decided not to repeat the test because the pumping rate
which could be sustained during the eight-hour test was not likely to have
produced a response in the nearest observation well, GW-08, located about
157 feet from the pumped well. It was thought that there would be little
value to repeating a single well test of longer duration at the site, and
that the effort could be spent more productively at another location.

Following discussions with Ms. Kathleen O‘Reiley of the Region VI U.S. EPA
on site on August 11, it was agreed that a pump test of well ERT-22 would
be more useful than conducting a longer term test on well ERT-20.

Water produced from the test was pumped into 55-gallon drums during the
first test. The contents of the 55-gallon drums were emptied into the
French Limited Lagoon following completion of the first test. During the
second test, a discharge hose was run directly to the French Limited
Lagoon.

Observation and control wells were monitored for water levels about every
one-half hour during pumping but were not monitored during recovery. Field
measurements for the observation and control wells are attached.

INTERPRETATION:

The control wells ERT-7, ERT-7a, ERT-21 and GW-8 showed no obvious response
due to pumping well ERT-20. The water levels in all four wells declined
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from 0 to 0.04 feet during the test. These changes were obviously small
and thought to follow a diurnal pattern similar to that observed for the
control wells during the ERT-10 well test.

Based on the "u" parameter criterion, the semi-log techniques would be
applicable to nearly the entire data range for the pumped well except that
portion subject to well bore storage influences. The time when well bore
effects were no longer significant was calculated using the method of
Schafer (1978) described in Section B-2.1 and shown below:

tc = 0.6(16-1)/(2.05/5.05%) = 20.9 minutes
* drawdown at time tc = 20 min.

Drawdown and adjusted drawdown values are included in the attached data
sheet. Following the procedures of Birsoy and Summers (1980), an adjusted
time was calculated for the drawdown data and a dimensionless time was
calculated for the recovery data.

The ratio of adjusted drawdown to the associated pumping rate for the
production well ERT-20 was plotted against the log of adjusted time on the
attached semi-log graph 1in Figure A2-9. The ratio of the adjusted
residual drawdown (recovery) to the final pumping rate was also plotted
against the log of dimensionless time on the same semi-log plots. Well
bore effects had a significant influence for about the first 20 minutes of
each constant rate pumping interval and on the first 20 minutes of the
recovery data.

The transmissivity calculated from the valid portion of the recovery data
on the semi-log plots was 695 gpd/ft. The transmissivity calculated from
the valid portion of the initial drawdown data was 343 gpd/ft. The
estimate from the recovery data 1s considered to be the more reliable
estimate. Delayed yield effects were not observed but could have been
masked by the variable pumping rate.

A storage coefficient could not be determined from the single well response
data.
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FG3
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A RESOURCE ENGINEERING COMPANY

Sheetl L of _1

30RING LOG AND CONSTRUCTION
- OF ERT- 20

Client L i

Project Hame _jmp_u.‘%&dl‘

rrolect Locallon __G&a_gm

Job Hn. f_s_zm- iﬁ E;_,_Bmlnu No.__£E£RT-20 _
By

Lagaed
Anmpaved By __Laa,  (aic)

DRILLING AND SAMPLING INFORMATION
Date Slaried _2-29-22 . Dale Comnleted _/2.%0.2
b lt) Ece

Method _m,.d_gdg.;. Tolal Depth
WELL CUMPLETION INFORMATION
-2 ciath ch

Soreen Dis, 2L Length 3S.0) Ceot
Slal Sl2e Tyoe
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A RESOURCE ENGINEERING COMPANY

m:.-.-' ol _l.

BORING LOG AND CONSTRUCTION

OF ERT-21
Chent DRILLING AND SAMPLING INFOAMATION
Project Hame Dale Started __12-23-87 ___ Dste Completed __12-23-87

Projact Localion

Method ___Mud Rotary _ ___ Totsl Depth _ 470 fass

Job No. 13-c3- Boring No. _ERT-2) WELL COMPLETION INFORMATION
Logged By it Screen Dia. m-:_& = Length um.o feet
Approved 8y 4a] rate Slot Size . nc Type PVC .
Drilled Oy _GUlT Coas: Drilling (grinacs Name._Jim Turner —""  Caging Dia. . 4-inch @ Length 7.0 feet
N w x “ » = z
[ W " K- TH..:- x - “ - o ”
] DESCRIPTION w | - 83|13 B B IEFRE
”.h. m.. .l.-. "l nKu mu o w >3 @ N m
8z 3|5 |§g=|0us = ||| *3|¥
0 SURFACE ELEVATION 138 |3 m.. m a |z i1
T BCK 31ty tO CIa Tine sand [5C N
3 . y i ! sy | - | sTpRRl - - 3.4
= Light browr siity fine to meajum sand. 55-37) (3.0')
=~ Dark tan and brown clayey fine to medium sand. (SC 3.0
= vey (sc - |st{sol- | - 4.0
53
3 {8.0") . m
Z] Medium dense to dense 1ight gray fine to medium sand, s)ightl 8. - o5
10 = silty and wet. (SP) y - ST |10.0f - 5.4 ="
nm )
3 : -
= ] ss |1 ee |
15 —| - Dense with coarse grains from 15.0° : 15.0 p2/15/16 § =
b =
3 ..
m - s | i8.9] _ ™
20— - “edium dense with coarse grains from 20.0' 20.0 p0/11/15 b.4 P
I ot
3 =1
21 - 1-inch thick medium to coarse gravel layer at 24.5' 124.5') n © T3 .....w.. 276714 3.9 n1
25— stiff to very stiff, 1ight gray clay with silt partings and g 4
J  ocockets, {CH) . =
3 {e7.0")
=] Dense olive gray clayey silt. (M)
p 28.0
= c-2 | st .0l - 2.4
30 = 30.0
-
3 « 158 810 2 6.4
_ 2.3 17/20/24 .
3 (38.0') =
’ S| Oense Vight gray and dark tan clayey sand. (SC) - 1ss SHM - l6s21726 &
40 - =
= (44.0') : 43.C
J-3 m._. bm 0 u.m -
45 =] Very stiff dark red and olive gray clay. (CH) :
] (Beaumont clay)
- (47.0*)
50 =
m T il
pu .
55 lm )
u -
ﬁ. 3
SAMPLER YYPE BORING MEYHOD

$S - ORIVFu SPLIT sPOON CA - CONTINUOUS FLIGHT AUGER
ST - PREESED SHCLDY TUBE RC - ROCK CORE :

B-252
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ESOURCE ENGINEERING COMPANY
SUBSURFACE EXPLORATION

LITHOGRAPHIC LOG OF ERT-7

Sheet tof 1

Client : French LTD.

DRILLING AND SAMPUING INFORMATION

Project Nome : French LTD. Dote Started : 9/28/87 Dote c::mpletad 9/28/87
Propct Locotion : Crosby, Texas Method : MR Total D ]

Job Numb-r 275-21 Boring No : ERT-7 WELL COMPLETION INFORMAHON

Lopged By : D. Morgon Screen Dio : Langth : 28.0'

Approved By :  G. Spradiey Slot Size : 010 Type : PVC

Orliled By :  Guif Coost Corlng Cosing Dia : 4° Length : 12.7'

2 e - z) 5 -
£ QEHSHSER IEe gDt
!E A | U % >

SURFACE ELEVATION : =SE g5
3 Fill, roodbase, grovel, sond, sit CTTIA
E 1 |sT|80]| - L)
5 Sty Saend, ton to brown/ groy, fine to medium grained '/,
5 — some black siudge materiol 2 1SS15010.4 r/ -
3 3 |ss|50(02 // /
0] 4 |ss|45]02 6
=3 v/ 7
E i 5 [SS{25(0. /"
3 /- \
3 6 1SS{50(06 //
15 = 7 |Ss|s0]08 % .
3 Send, fine to medium groined, gray, strong odor § Issl13]04
J
3 9 ISS{NR
20 — <
3 10{SS{17} - ¥
3 11]ss]|45] - Eo
25 3 12|ss|25{ - [ -
E 13{ss|25] - el
4 Siity Cicy, gray with some red/brown mottles, stiff. . i
30— with somne fine groined sand seams 14[SS|50 i .
4 some odor 15|sTl75] -
3 16(sT[50{ - H
353 Cloyey Sit, light gray, soft, saturoted 1 75l - AN i
3 7|[sT]7s ?
3 somre cdor 19|sTINR //[4::
: sT|75] - H
20 20 5 ?55 ]
. 21|ss|so] - /
: 22|ss|es] - & i
453 23lstls0l - /A = 4
g Sity Cloy, light groy, stiff, some ton mottles, no odor 24|sTl84! - :
50-  BORING TERMINATED AT 480’ 4
55 .
J
3
3
SAVE FR TYOL RING W
S ~ DRIVEN SPUT SPOON HSA = HOLLOW STEM -
ST = PRESSED: SHOLBY TUBL CF: ~ CONTINUQUS FU“G,S‘IGAU@S g - DutglNDGR&ll?GNG
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ERT 023895

A RESOURCE ENGINEERING COMPANY

smu_lol_'_
BORING LOG AND CONSTRUCTION

OF ERT-7A
Client ARCO Chemical Company DRILLING AND SAMPLING INFORMATION
Project Name rench Limited Site Date Started _ 11-17-87 Date Completed. 11~ ”"‘7
Project Location ‘-'°' y, lexas Method __H1d Wotary Total Depth
Job No. £i5-20-01 Boring No. LSl WELL COMPLETION INFORMATION
Loggad By ftcve Fraston Scraen Dla. k= :lml\ l Length _ 15.0 feet
Approved By Slot Size .010 inch Type
Oritled By P31, Tnc. Drlliar's Name__X: Spancer Casing Dia. ~inch " fengin__3.0 leet
g 1 E E’- -4 Eilw. Ele
2k ElEslsefl = 5|3z .21
Ew DESCRIPTION ; - :g okl o olssfauw s
we § 12 [2=|85¢ Sl xi |3
Z < I |§%|%us E € |z2= ol€®=
0 SURFACE ELEVATION « 1313 e 3 »|F 3
— = Road I1Il msacterial (1.5%)
3 Gray medium to fine silty sand
=
3
3
pm
=
m
10 ot
3
=
15
o
=
20
25 3 (25.0")
-
-
30 —]
3
3
35 —
a0
m
-
3
45 =]
r
o
$0 =
p=
]
oy
55 —
=
AQAING METHOD

A i
$S - DAIVEN SPLIT SPOON  CA - CONTINUOUS FLIGHT AUGER
St - PRESSLO SMELBY TUBE AC - ROCK CORE '
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Details of Monitor Hell Sonstruction p
Project Name: FRENCH LIMITED SITE Boring Number: REI1:6-2

Project Number: 275-02 . Date Installed: 3-7-8:

Water Level Keasurenent: 6.65 (El. = 8.83 on.4-10-84)

16.51
3?6 -_— Top of Casfng El.» _ 14 48
2.55
J Sm— Protective Steel Casing
| Ground Surface El.® 12.9
4" {nch{id)

PVC Well Casin . —_— 2
d e Cement-Bentonite Grout -
(4-1 mix)

e top of se2l _2.5

Sentonite Ses!

e r—— BOttem of seal 4.5
—twme top Of screen _5.0

ol D10 dnch slot
¢ oq Slotted Well Screen

r....

Sand Pack

I

' === bottom of screen _25.0
Total Depth = 25.3 - .

Borshole Diameter

.,
|3

RE
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PUMPED WELL: ERT-20
CONTROL WELL WATER LEVEL FLUCTUATIONS

MEAN-DEV MEAN-DEV MEAN-DEV MEAN-D
REI-6-2 ERT-7 ERT-7A ERT-21
HOUR min REI-6-2 7.20 ERT-7 4.85 ERT-7A 5.43 ERT-21 4.79

35 7

12 7.

49 7

55 7.2

34 7.2

41 4,83 0,02

16 4.85 -0.00

53 4.85 -0.00

38 4.85 -0.00

28 4.85 -0.00

40

15

52

37

31

54 4.79 0

35 4.79 0
1 4.79 0

|

[
OO NOWRBNOWVOO-OWOmO®KN

L bn n
BB D
WP
[}
OO0OO0OO0O
[eNeNoNoNa)
oONH=HOK

o

H
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STEP DRAWDOWN TEST - WELL ERT-20

Saturated Thickness

static water level

TIME-t DEPTH DRAWDOWN ADJUSTED t-tn adjusted

min

0.00
0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60.00
70.00
80.00
90.00
100.00
111.00
120.00
150.00
180.00
197.00
197.50
198.00
198.33
198.50
198.67
199.00
199.17
199.50
199.83
200.17
200,33

ft

5.76

7.16

7.80

8.56

9.07

9.42

9.73

9.96
10.13
10.28
10.39
10.48
10.67
10.80
10.76
10.81
10.81
11.00
1l.22
11.40
11.51
11.61
11.67
11.75
11.85
11.91
12.61
12.85
12.95
13.40
13.53
13.77
13.96
12.70
12.45
12.00
11.55
11.40
11.25
10.95
10.79
10.50
10.12

9.80

9.65

ft

0.00
1.40
2.04
2.80
3.31
3.66
3.97
4.20
4.37
4.52
4.63
4.72
4.91
5.04
5.00
5.05
5.05
5.24
5.46
5.64
5.75
5.85
5.91
5.99
6.09
6.15
6.85
7.09
7.19
7.64
7.77
8.01
8.20
6.94
6.69
6.24
5.79
5.64
5.49
5.19
5.03
4.74
4.36
4.04
3.89

44.24 feet
5.76 feet
DRAWDOWN tinme
£t
0.00 0.00
1.38 0.50
1.99 1.00
2.71 2.00
3.19 3.00
3.51 4.00
3.79 5.00
4.00 6.00
4.15 7.00
4.29 . 8.00
4.39 9.00
4.47 10.00
4.64 12.00
4.75 14.00
4.72 16.00
4.76 18.00
4.76 20.00
4.93 25.00
5.12 30.00
5.28 35.00
5.38 40.00
5.46 45.00
5.52 50.00
5.58 55.00
5.67 60.00
5.72 70.00
6.32 2.00 40.58
6.52 12.00 62.12
6.61 22.00 75.68
6.98 33.00 88.80
7.09 42.00 98.92
7.28 25.00 117.93
7.44 55.00 151.35
6.40 0.50 338.80
6.18 1.00 169.93
5.80 1.50 113.64
5.41 1.83 93.18
5.28 2.00 85.49
5.15 2.17 78.98
4.89 2.50 68.60
4.74 2.67 64.37
4.49 3.00 57.34
4.15 3.33 561.72
3.86 3.67 47.10
3.72 3.83 45.11
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0.00
0.68
0.98
1.33
1.56
1.72
1.86
1.96
2.04
2.10
2.15
2.19
2.27
2.33
2.31
2.33
2.33
2.42
2.51
2.59
2.64
2.68
2.70
2.74
2.78
2.81
2.53
2.61
2.64
2.79
2.84
2.73
2.79
2.40
2.32

" 2.17

2.03
1.98
1.93
1.83
1.78
l1.68
1.55
1.44
1.39

TIME-t'
min

0.25
0.75
1.25
1.58
1.75
1.92
2.25
2.42
2.75
3.08
3.42
3.58

788.00
263.33
158.40
125.29
113.43
103.63
88.44
82.40
72.55
64.82
58.58
55.91
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TIME-t DEPTH DRAWDOWN ADJUSTED t-tn adjusted

min
200.50
200.67
200.83
201.00
201.50
202.20
202.40
202.63
202.92
203.20
203.53
203.88
204.30
204.75
205.30
205.87
206.53
207.42
208.45
209.00
211.00
213.00
216.00
218.00
220.00
222.00
224.00
226.00
228.00
230.00
235.00
240.00
245.00
250.00
255.00
260.00
265.00
270.00
280.00
290.00
302.00

ft

9.51
9.36
9.27
9.14
8.82
8.50
8.40
8.30
8.20
8.10
8.00
7.90
7.80
7.70
7.60
7.50
7.40
7.30
7.20
7.10
7.00
6.90
6.82
6.77
6.73
6.68
6.64
6.61
6.57
6.55
6.47
6.42
6.37
6.36
6.31
6.29
6.27
6.24
6.21
6.17

6.14

ft

3.75
3.60
3.51
3.38
3.06
2.74
2.64
2.54
2.44
2.34
2.24
2.14
2.04
1.94
1.84
1.74
1.64
1.54
1.44
1.34
1l.24
1.14
1.06
1.01
0.97
0.92
0.88
0.85
0.81
0.79
0.71
0.66
0.61
0.60
0.55
0.53
0.51
0.48
0.45
0.41
0.38

DRAWDOWN
ft

3.59
3.45
3.37
3.25
2.95
2.66
2.56
2.47
2.37
2.28
2.18
2.09
1.99
1.90
1.80
1.71
1.61
1.51
1.42
l.32
1.22
1.13
1.05
1.00
0.96
0.91
0.87
0.84
0.80
0.78
0.70
0.66
0.61
0.60
0.55
0.53
0.51
0.48
0.45
0.41
0.38

time

4.00 43.27
4.17 41.58
4.33 40.02
4.50 38.58
5.00 34.83
5.70 30.68
5.90 29.67
6.13 28.59
6.42 27.37
6.70 26.25
7.03 25.06
7.38 23.92
7.80 22.70
8.25 21.52
8.80 20.24
9.37 19.08
10.03 17.88
10.92 1l6.52
11.95 15.18
12.50 14.56
14.50 12.69
16.50 11.28
19.50 9,70
21.50 8.90
23.50 8.23
25.50 7.67
27.50 7.18
29.50 6.77
31.50 6.40
33.50 6.08
38.50 5.43
43.50 4,92
48.50 4.52
53.50 4.19
58.50 3.92
63.50 3.69
68.50 3.50
73.50 3.33
83.50 3.05
93.50 2.83
105.50 2.63
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1.34
1.29
1.26
l.22
1.1l
0.99
0.96
0.92
0.89
0.85
0.82
0.78
0.75
0.71
0.67
0.64
0.60
0.57
0.53
0.49
0.46
0.42
0.39
0.37
0.36
0.34
0.33
0.32
0.30
0.29
0.26
0.25
0.23
0.22
0.20
0.20
0.19
0.18
0.17
0.15
0.14

TIME-~-t!
min
3.75
3.92
4.08
4.25
4.75
5.45

5.65

5.88
6.17
6.45
6.78
7.13
7.55
8.00
8.55
9.12
9.78
10.67
11.70
12.25
14.25
16.25
19.25
21.25
23.25
25.25
27.25
29.25
31.25
33.25
38.25
43.25
48.25
53.25
58.25
63.25
68.25
73.25
83.25
93.25
105.25

53.47
51.23
49.19
47.29
42.42
37.10
35.82
34.44
32.90
31.50
30.01
28.58
27.06
25.59
24.01
22.58
21.11
19.44
17.82
17.06
14.81
13.11
11.22
10.26
9.46
8.79
8.22
7.73
7.30
6.92
6.14
5.55
5.08
4.69
4.38
4.11
3.88
3.69
3.36
3.11
2.87
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PUMPED WELL ERT-20
RECOVERY ANALYSIS:

T = 264 gpd/re
¢ /)

06t 2o

T = 265 = 695 gpd/te
.38

PUMPED WELL ERT-
DRAW DOWN ANALYS%?

T = 264 gpd/fe
( 8/q)

T = 264 = 343 gpa/fe
.77

FRENCH LIMITED PROJECT
CROSBY, TEXAS

FIGURE A2-9
SEMI-LOG PLOT. OF $/Q VERSUS ADJUSTED TIME
PUMPED WEilL:.__ ERT-20
..OBSERVATION WELL:_ERY-30
. .DATE(S): AUG. 9, 1888

PROJECT Ne. 28 Juu In:vmon

PREPARED BY: APPLIED HYDROLOQGY ASSOCIATES, DENVER CO.
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST: August 10, 1988

PUMPED WELL: ERT-21

TOTAL DEPTH: 50 FEET

SCREENED INTERVAL: 20 FT. TO 50 FT. CASING DIAMETER: & IN.

OBSERVATION WELLS: GW-03, radial distance was not measured but was scaled
. from Plate 4 as about 150 feet from well ERT-21

CONTROL WELLS: ERT-20, REI-6-1, REI-3-3 and REI-3-2

BACKGROUND AND DESCRIPTION OF TEST:

The test of ERT-21 was included to provide information about aquifer
characteristics in the vicinity of possible groundwater recovery wells
south of the French Limited Lagoon. There were no preliminary pumping
testing data upon which to base a pumping rate for the test. The original
work plan recommended a pumping rate of four gpm although personnel
performing the test could not sustain a four gpm rate at well ERT-20 or at
the wells near the REI-10 well cluster. The well did appear to be
completed in the more productive portion of the upper alluvial zone as
evidenced by wells ERT-7 and ERT-8. Therefore it was decided to attempt to
pump the well at a rate of approximately four gpm.

Lithologic and well completion logs and an illustration of the location of
the pumped well, ERT-21, and the observation well, GW-03, precede the
aquifer test data which follow.

Prior to pumping well ERT-21, the depth to static water level below the top
of casing in the pumped well and the observation wells was measured using
an electronic well sounder with accuracy to .0l feet. The well was pumped
with a submersible pump and water level measurements were taken with an
electronic sounder at the pumped well, the observation well and the control
wells.

The test was started and the flow as measured by the in-line Rotometer set
at 4.1 gpnm. Since the water was pumped through a hose to the French
Limited Lagoon some distance away, the flow measurements using the bucket
and stop watch were taken by personnel monitoring the control wells and
were recorded on the control well monitoring forms. Measurements with a
bucket and stop watch indicated a relatively constant pumping rate of 3.83
gpm. The pumping test was terminated after eight hours.

Water level measurements were taken with an electronic sounder at the

pumped well, the observation well and the control wells. Recovery
measurements were taken periodically for four hours after the test. A
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recovery measurement was also taken 12 hours after termination of the test.
Control wells were monitored for water levels about every one-half hour
during pumping but were not monitored during recovery. Field measurements
for the observation well GW-03 and the control wells are attached,

The drawdown values for the pumped well were determined and corrected using
the following correction developed by Jacob (1963) to allow the solutions
for confined aquifers to better apply to unconfined conditioms:

g8' = s-sz/ZHo

where: 8’ = adjusted drawdown
8 = drawdown and
Ho = initial saturated thickness

The attached data sheet presents the measurements for the pumped well
during the pumping and recovery periods. The data sheets include the
observed drawdowns and the corrected drawdowns.

As indicated previously, the water produced from the test was -pumped
through a hose and directly into the French Limited Lagoon.

INTERPRETATION:

The control wells ERT-20, REI 3-2, REI 3-3 and REI 6-1 showed different
diurnal patterns as shown in Figure 1. The diurnal fluctuation in well REI
6-1 was greatest at 0.08 feet. No precipitation was recorded during the
test. Wells REI 3-2 and REI 3-3 showed a slight drop in water levels
during the day. This decline is unlikely to have been related to pumping
because observation well GW-3, located much closer to the pumped well,
declined by only 0.03 feet during the test. The water levels in control
wells ERT-20 and REI 6-1 showed a diurnal pattern similar to that observed
in the control wells during the ERT-10 test. The highest water levels
appeared between 14:00 and 16:00 (2:00 and 4:00 p.m.) and the lowest levels
appeared between 11:00 and 12:00 (11:00 a.m. and 12:00 p.m.). The attached
sheet contains data on water level fluctuations for the control wells.

From the pattern of fluctuations seen in the control wells, there is no
baslis to adjust the measurements in wells ERT-2]1 and GW-3 for the observed
diurnal fluctuations because of the small magnitude of the fluctuations in
the control wells and the lack of consistency in the pattern of
fluctuations between the control wells.

Based on the "u"” parameter criterion, the semi-log techniques would be
applicable to nearly the entire data range for the pumped well except that
portion subject to well bore storage influences. The time when well bore
effects were no longer significant was calculated using the method of
Schafer (1978) described in Section B-2.1 and shown below:

tc = 0.6(16-1)/(3.83/10.32%) = 24.3 minutes

* drawdown at time tc = 25.5 min.

B-261




0219)3

Drawdown and adjusted drawdown values are included in the attached data
sheet.

Adjusted drawdown values from the pumped well ERT-21 were plotted against
the log of time on the attached Cooper and Jacob (1946) semi-log plot in
Figure A2-10. A rise in the water level observed at 120 minutes into the
test could not be explained by a change in pumping rate. Measurements of
pumping rate taken before and after the rise in water level were
consistent. It 1s possible that the rise was simply a flattening of the
drawdown response due to delayed yield effects that are often typical of
water table pump test response (see Neuman, 1975),.

Well bore storage effects were determined to have influenced the drawdown
response during the first 25 minutes of the test. The transmissivity value
determined from the response from 25 minutes to 90 minutes (just before the
rise in water levels) was 184 gpd/ft. For the drawdown response after the
rise at 210 minutes, the calculated transmissivity was 277 gpd/ft.

The water level recovery data from well ERT-21 were analyzed via the Theis
(1935) Recovery method on semi-log plots of residual drawdown values
adjusted using Jacob’s correction versus the log of t/t’, where t is time
since pumping started and t’' 1s time since pumping stopped. The Theis
Recovery plot in Figure A2-11 did not exhibit the fluctuations apparent in
the drawdown analyses. Well bore storage effects were determined to have
influenced the recovery plot for values of t/t’ greater than 20. A
straight-line fit to the portion of the residual drawdown curve for values
of t/t’' less than 20 produced a transmissivity estimate of 595 gpd/ft. It
was concluded that the recovery measurements provided the most reliable
data for assessing the transmissivity in the vicinity of the ERT-21 well.

The drawdown in well GW-03 due to the constant pumping during the eight-
hour test at well ERT-21 was only 0.03 of a foot and could not be
satisfactorily matched to a Theis or Boulton curve. Furthermore, the total
magnitude of the response was actually less than the natural variability
observed in control wells. It appears that if there was an actual
response in well GW-03 due to pumping well ERT-21 for eight hours, the
magnitude of the response was insufficient to provide an accurate estimate
of drawdown response that could be used for a quantitative analysis. The
wvater levels and drawdown data for well GW-03 are attached.
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FG-6

@GW-ES(Approximafe Location)
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A\ CONTROL WELL
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\
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Eﬁ'i'q 5 Shaot Lot 1

A RESOURCE ENGINEERING COMPANY BORING LOG AND CONSTRUCTION

OF ERT-21
Client ARCQ Chemical Compan DRILLING AND SAMPLING INFORMATION
Project Hame rench Site Limite Date Sterted ___12-23-87 ___ Date Compleled __12-23-87
Projact Locnlion_!%‘.ﬂyc Method __Mud Rotary ______ Total Depth __42.0 fest
Job Neo. el Boring No. _ERT-21 WELL COMPLETION INFORMATION
Logged Bv—_i.‘illbl:ﬁiﬁl‘ Screen Dis. 4-inch @ Length 35.0 feet
Approved By 34} Pate Slot Slze 2010 _inch Type PVC
Drilled By _GUIf Coast Orilling (griiier's Name_Jim IUrner __ _  Casing Dia, __4-inch § Length 7.0 feet
. x b
: g8 (s-.8x0 § |E|gz] E¢
zs T » - |8sjwis] 2 s <zl=2cl¢=
w OESCRIPTION o w |22lx0kl 8 AEHFFRE
83 3|8 |gs|258| » |E]z=1%5 |8
= < < b zv 3 F [+
SURFACE ELEVATION a - |3 '&'- 2 '] Qo
b O-E'—E‘Tr.- rown L0 DIACK $11Ly TO clayey ﬂnu_:lnf(i\‘.) (1.5% - ST ?‘g N - 1.4 .
o Light brown stity fine to medium sand. (SH-SP) (3.0") _'-_'.
E Dark tan and brown clayey fine to medium sand. (SC) - st g‘of j - “q A
5
u
- {e.0’)
=] Hedium dense to dense 1ight gray fine to medium sand, slightly ST 8.0 -
m_:i silty and wet. (SP) - 10.0} -
3
<-1]ss |13.5 .
xsjj - Cense with coarse grains from 15.0° 1"L0F 2/15/16
=
E
N ss | &
20— - Fedium dense with coarse grains from Z0.0' 20.0 0/11/15
2 - l-inch thick medium to coarse gravel layer at 24.5' (24.5") " 3 gg fi:s’t 276718
25 —{ stiff to very stiff, light gray clay with silt partings and ~1—%
- poclets. (CH) a7 At
- (27.0')
=] Uense olive gray clayey silt. (M.}
~ 28.
- 2 |st {300 20| -
30 — .
hs
pue
E - | ss 3l - 17720724
35 — #.3
3 .
3 (38.0')
=1 Oense 1ight gray and dark tan clayey sand. (SC) = |ss igg - 15/27/25{
40—
= (44.0") -
3 |st [3:8as] -
45 —] Very stiff dark red and olive gray clay. (CH) .
= (Beaumont clay)
- (42.0")
50
55 —
3
pe
L —
SAMPLER TYPE HORING UETHOD
€S - DMYFN SPLIT SPOON  CA - CONTINUOUS FLIGHT AUQER HBA - HOLLOW STEM AUGERS DC - DRIVING CASING
ST - PRESSED SHCLBY TUBE RC - NOCK CORE . CFA - CONTINUOUS FLIGHT AUGERS  MD - MUD ORILLING
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: 1
[-]
Laboralory Tests - s sg
1 n
$Ge2.65
SA(-#200=5K) 1
Perm k4.0 £ 107] @2 1.8 102
{Reso }d)
1 sure
SA{-1200-33) 1 a8
1.5
1 15.3 112
. 1 15.0 101

10-

15

Ewlun-nl_hqguhun_mh—
Elovalion_11.2_feet Date 8718/8)

GRAY CLAYEY SAND (SC)
aedius densa, soist
LISHT Broun SAND (SP)

u= \'r._ 1 n:e. “tusund.
r
with some cl!ny"flnl 1eam3

a3 feat

water level om 5/10/84

vith some grave! ‘seams with
trace clay below 18 feat

LIGHT GRAY SANDY SILT (M)
-qlu- dense, saturated,
soi-plastic, traca clay,
-fine gulnei

Laboratory Tesis

iz 2 %
2 3% z
g 5 §3 3}

1.2 17.0 lo09

.0 6.7 N

S Depthim)
Samople

. (Continustion of Log)

75

RED-SROUN CLAY (CH)
wary stiff, saturated

End of Boring - $8 feet

Reamed boring with 8-inch it

to 27 feet. Installed 4-lach
diametar PYC well to 27-feat.
Screenad fros 7 te 27 fest. Sand
backf(1l from S feat to 27 feat.
Well gasma logged after completion

" Top of PYC pipe = 15.13 feet

LOQ OF BORING B3 / GWJ

B1

Engueens, Genogen French Limited Site

m § Geoomrcan Crosby, Texas

T R o] - - y
TS 6013,009,12 4194 Lydi ]
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ERT

A NESOUNCE ENGINEERING COMPANY

Sheot Lol L

. BONING LOG AND CONSTRUCTION
OF ERT- 20

Clent L DRILLING AND SAMPLING HFONMATIOH
Project Hame 232 dod Ko Dale Starled _/2-29-822 ___ Date Completed _22.8%0-27
rroject Loelllon—m.;_.ﬁm — Melhod Total Depth 4% ¢ ot
Job Na. £22%5-23:¢! Boring No. __£ERT-20 WELL COMPLETION INFORMATION
Logaed By 1 Screen Dla. L!nglh_%q_.ufi‘-__
Appraved By __'!M.' L] et Slot Slze .l osnch . TyDe
tuilled By ! his Oiltler’s Name lim _Tusmex . Caning Dla.. __Qeind, ¢ Lenglh 2.0 [eet
=9y
.l el E |t 3 z
. g1 E | 85| 3ili3qysl.2 s
fu OESCRIPTION slwiui]; 8 Y EH R
8z 3 & §£-g$?¥:gs’§ H
SUNFACE ELEVATION s |z - N H
-0
< Tank byews Cayay Sild with voets .C""-) - |5T | — P.5 - .2z
= e e . Ges) | _ -
5 -§ Sa{t. dank --.-J cu: with gecarewnal K padll & wedy C"‘) - lsr]| = e s - g_'_& .f t-
o] = ek sadenn Sewd sesns B pesiats Fum 9.0’ — t'_-
b : F.c) -
1o e tedivm denss b dewae ey $ne to mediomnm cl-va Somd ¢33 <) g _sl - __':__5_ —- Ej oo
- I pasf—|— .
15 _" Denae g 4ve o mecbvm SM‘ . "'3"“1 3y, Cs’) = 5i_ ) - . '7/I4IM s 1-_2 l.-;-
E (henkie fruet) .
ro = - gutwerol odor o 20.0 ' = |35 | = |20 -__ ii .f'::.'h;
: «
= i
- —_ wedeum Y Comoe Sowd uvAth 93evel f-u 24.0' e _'j':
o ! B Py ) e P
3 (27.3) !
ba Shif clart ad owd brawn Cloa Ceny frmme | e | e [ .-
] - |sT}| =~ ) - .
gi.o - e | . —_— f-i —— 0-? ",
= DU (3390} |—|— — 15
= Tiealk olva r r_u-,-a - NS (se '.:'
LT _i Wil nowerrus Sond P"‘"al owd P""h ) - ST |~ P. S, - e {1 -
3 . i)
o (38.¢D s
I "Dk Gany oms e S Somd —_ —f—q
= 7 Y fme Somd (81
‘o — W Clog pocicetn P"'"'G‘ D J-1| S [40.0|30/30c]| ~ |0.2 ] -
pt (4z.¢0) J.._
:j V!.-: Shy{ doak nad -l‘a:-: cba (¢"> — - N P L=
a5 witn  Slgkensaes (Deayvemt fauu‘lw.) J_-E. ST las.o| P s -] - X .
] @-d) £
-
50 — |
E ;

SAMPLER TYPE
$5 - ONIVEN SPLIT SPOON  CA - CONTINUOUS FLIQHT AUQER
ST - PRESSED SHELBY TUBE RC - NOCK CORE

' B-266

HSA - HOLLOW STEM AUGENS
CFA - CONTINUOUS FL'GHT AUGERS

RONUG METIIOD
NC - DRIVING CASING
MD - MUD DRILLING
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DETAILS OF MONITOR WELL CONSTRUCTION

Project Kame: FRENCE LIMITED SITE Boring Number: RE]:6-1
Project Number: 275-02 : Date Installed: 3=4-84
Vater Level Mesasursment: 6.85 =
Top of Casing Elev.= 14.78
Vater Level Elev.  7.93 on 4-10-85
j—ha:ectivc Steel Cover
'
2.35 20'4
voms| (] A Cround Surface Elev.= 12.43
//}: STRATA | DESCRIPTION
SILTY
% E 8" _ inch diameter Surface Casing| 4 5 SAlp]g fgé{“
N
% N Cement Bentonite Grout SILTY SAND
/: (4=1 mix) u fine to medium
/ N grained with
N some gravel
/ N i (SP-SH)
AN 250
= 27' = depth of Surface Casing T SILTY CLAY
N stiff. <
4" {nch PVC Well Casing s -
. R
N (CH)
% = top of seal {
29 = bottom of seal 29.7
o 30 = top of screen SANDY SILT
DI very fine
& (ML)
Sand Pack {
Slottad Well Screen g
SILTY CLAYEY
—a010 dach slot SAND, with some
s thin clay seams
(SC-SM)
p
_ 46.0
- - VERY SILTY SANDY
. 50 = bottom of screen b CLAY (CL-ML)
51 = Total Depth 51.
I.B".- Borehole Diameter S SILTY CLAY
- stiff (CH)
RESOURCE ENGINEERING ——

B-267
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n"131919

2N\ RESOURCE

BEN excineering

SS INCORPORATED

Page 1 of 3

SUBSURFACE EXPLORATION
- .. RECORD

e FRENCH LIMITED TASK FORCE Soring« _REI;6-1
Arghmet lnrmv_c_n_l.r'n Job e 175.!12
Propct Neme French Site Drown By9B
Promct u—---_C.co.m..I:ns Asovoves 8y JDA
DRILLING snd BAMPLING INFORMAT iON TEST DATA
Dete Sured =2=~84 tomemer wy..__140 oy
Dere Compieree 3-3-84 Homemae Dr ",
D lm_ﬁ.._].m:]_bonm Db+h. .E_ &
tegpecior Reck Core D n, = ! E $ i
lomlunnnMiA_— m'l’uuob_}__ n, E » .3' j i ‘ E__ - _'!'E.a
Elelel Eemegelof |23 |1 [348
SOIL CLASSIFICATION g‘ THE 1 F 15 38 s | 8« (13}
s . - K= a - 'g " e
sunracesuivation - 13.0 128 | BR (38157 |5] 8= [Ba B k- } Eai
"] SILTY CLATYEY SARD,fine grained - -
pm brown to gray.vitfl lowegthin ! - 01}55]39 10 -
=] silty clay seams. bt =
-] (5M-5C) . (=)200 = 202 =1 02{SS |56 8 —
- ‘ (=)200 = 12.6X - =
4.5 | —o3lsslsel |4 -
—— H j——
_=] SAND,mediun to fine grained, 5 j.ﬂ.ﬁ cc e 3 -
. BraY' ~ =
.j (=)200 = 5,22 1 0515556 1 =
b (-)200 = 2.92 Joslssler] |5 -
- - -
-— 10— o7|ss|s56] |11 —
- 1 oslsslaal |15 E
= (=)200 = 2.9z " oslss|33| |18 -
: (-)200 = 2.62 -
— (SP-5W) (-)200 = 1.8% 15 J 1oss]se| |16, ull
pm (2200 = 2.82 - ZJ11)ss|6l 11 -
pu (-)200 - 2.1% et -
- (-)200 = 2.4% —jl12issl67) |8 —
— P e
b= J1afssise| (10 -
- 20T 14|ss 61| (12 -
- =
h =] 15}ss |39 12 -
“={SILTY CLAY,yellow browm to = =
=] gray mottles (CH-CL) 16 [ss 167 13 —
- 25-0!25 - -
- - 17 [SS |56 5 p—
=4 Continued on page 2 -t -
L : =
BAMPLER TYPE SROUND WATER DEPT o OIUING r:?bocr; ns
= PRENSEO SHELBYTUBE V AT COMPLETION -7, O A = EONTINUOUS ¥ LIGHT AUGERS
CA = CONTINUOUS FLIGHKT AUGER ¥ AFTER WAS, FT. DC - DAIVING CASING
AC - ROCK CORE WATER ON RODS . MD ~ MUD DAILLING

L Y
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A2\ RESOURCE

@ YEI cncineenine

Q& INCORPORATED

page 2 of 3

SUBSURFACE EXPLORATION
RECORD

cvem ERENCH | IMITED TASK EORCE Sering o REI:6-1
Argmorey Engpreer__C._Itin : Job e 27502
Proget hm_r_rﬂmt Drown By Ji
Propct Locstion, Xas$ Apprevea By _JDA
DRILLING snd BAMPLING INFORMATION TEST DATA
Dete Bisned___3=2=84___ Hemmerwn J40 e,
Dete Compiered_ 3=3=84 " oron——30 ",
Dutt Forenwn__ G, 152t0] _ seoonBempwr 00,2 _in 3 . '
Impecior JB Recs Cors Dus. el in. = ! § 3 r -'i
Somprrmes B ey Tee O Dt ||, el § LE'! § § E_; - _';'g-"
; g < -
JHHEE HATIERIG
SOIL CLASSIFICATION wle 1518181 23 Bels 7| 8 |83
! EJ 3 ‘ w 3 'gi s?"‘ ‘o }E £ '.‘f§
SURFACE ELEVATION - HIEIHHBHE IR P
=|SILTY CLAY,yellov brown to gray: LL=70
TJmottles,vith thin silt & sand = 18]ss o4 7 36.32/PL=27 [
-] Seams. ¢ : — PI=57 -
~ (cE-cL) (-)200 = 98.1: =1 19 |ss [67 21 35,72 1 e o
pus (-)200 = 81.3: e
- ) 20.7|  J20]ss a3 11 gy =
=] SANDY CLAYEY SILT - I alssler 27 ~
—]very fine grained,olive to -
-] 8737- —] 22]ss |67 31 ull
=1 o) (=200 = 34X 2 o
5 ¢ (3200 = 373 5 3|ss |67 20 o
-~ o] 24 |sS |67 23 "
- (-)200 = 49X =, -
[ velay  137.5] _J25]ss|89 23 C
=] SILTY CLAYEY SAND,fine{grained - —~
- sektxfine grained'olgze‘::ai: ' -f{ 2615578 22 -
=1 vith thio silty clay seazs, - -
=i 0ily strsaks and stains. 401 271ss 133 20 -l
- (sc-sm) (-)200 = 532 , =
- (~)200 = 41X =4 2885 |67 27 -
= (=)200 = 692 - 29ss |67 28 =
3 _ Goon & 9 3 30]ss[e7 48 L
-:—__—euLLMM_' ly filf Yl a6 45"31 sle 7 =3
E Tl | 0.8 b £
- Te Town to 1 —
‘EE vith thin 811t & 8and sesms. . —{ 32|55 |89 20 ;1.3 —
(CL-1mL) (=)200 = B4 ~
= | 3200 = 312 o 33|ss |95 17 o3 B
" Change to Silty Clay s1.0]° o 36|ss |95 19 16.9 fL=13 =
=] continued on page 3 - -
. g:wg: r“:'»oon GROUND WATIR DIP;’N’. " oloolm;ﬂr METHOD
- 7 AT COMPLETION 4 pr. HSA - HOLLOW
e EIAC) W I e I T TS
RC = ROCK COAL WATER ON RODS FT. 0 « MUD DRILLING
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021911
2\ RESOURCE

EJ excineerine
& INCORPORATED

page 3 of 3

SUBSURFACE EXPLORATION

RECORD

o French Limited Task Forca SoringeREI:6-1
Argenn: Inp L. Irin F 275-02
Prowey Name French Site Drown By L
Promct Locanion, Crosby, Texas Aseroves By DA
DRILLING ong SAMPLING INFORMATION TLST DATA
Dete Swaree, =2-85 Marnmer Wy 1‘_0 s,
Dete Compie o tommer Drep, 30 n.
Dvitt Poraman G.Litsll Sooen Sempier 09_2__- E - :
mapector ;H Reek Care D — n, z § ! -i
HHHE R R IR
o H - .°. (Y
SURFACE ELEVATION — i [ 53 gs HHHR USRI IR
= SILTY SANDY CLAY/CLAYEY SILT T - -
= (CL-ML) / = 3s|ss|os| | 16 162
=—] SILTY CLAY, rdidbrown to gray 5 Le21 [
~| mottles, stiff with silt seams 1 36} 55195 19 I=41 =
- (CE-CL) 55 == 2 i Le=39 =
= 56.4 ].38]ss|93 20 ng E
={ VERY CLAYEY SILT, readbrowvm to - 39ss 104 9 -l
“= gray, stiff with very thin = Les1
= silt seazs = 40}ss}95 9 L=20 [
- M — . I=19
= ) 6073 41]ss|7s 9 -
_:-3 Boring Terminatad at 6lft. _E ol
- pu -
. oy -
- - =
- 65— -
z b 504 z :
- el 31 = S
= f/ /, o o
: 6" Zg b % o b
- - -
- 6t 70 s
— 5.0
SAMPLER TYPR QROUND WATER DEPTH BORING METHOD
' fio BRI ELT moew vacowimon | 3.4 e macusuSIIM O o,
e ES%SIEJ%SEL!.LHN? :ucln V AFTIA RS, T, DC - DRIVING CASING
5‘:- BArY PNS WATER NN ANDT (21 MD = MUD DRILLING
B-270
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3912
Details of Monitor Nell Construction

Project Name: FRENCH LIMITED SITE Boring Number: REI:3-2
Profect Number: 275-02 Date Instalied: _2-25-8:

Water Level Measurement: _5.13 (F1. =3.17 on &-12-84)

AR i Top of Casing El.= 13.30
l -z-;zi I Protective Steel Casing
=27 = Ground Surface El.=_11.04
Z
Z
”~
4" dnch(1d) .;
PYC Well Casing ~
; ’ == Cement-Bentonite Grout
> (4-1 mix)
Z
Z .
. = i~
Z .
/ .
e = top of seal _2¢.5
Bentonite Seal %

- bottom of seal _27.5
= top of screen __28

E
Sand Pack =
B
E 010 f$nch slot
- " Slotted Well Screen
' bt .
1) 'Y
. s :.
[ ] ! .0
(R} = ..

1 V)= ..
SLr,.-J".‘—' bottom of screen _33

Tots1 Depth = 33.5

J- g"=e={ Borehole Diameter
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#2\ RESOURCE
@ TEI evcinecrine
< INCORPORATED

page 1 of 2

" SUBSURFACE EXPLORATION

RECORD

FRENCEB LIMITED TASK FORCE

Cireny Socing » REL:J-
Arcneret Enpreer__C. 1IN0 Jov o 27311
ropc eme—__French Site Driwn By JR
Propct Laestron__Crosby , Texas Aporevea By
DRILLING ang SAMPLING INFORMATION TEST DATA
Dete Sureg__3/13/85 ____ vemmerm 140 fos.
Dete Complered. 5/13/85 e Do 30 n, -
Drill Foremen_G lirtel ____ Secen Sameier DD ™, & E
Inspector JB Rect Cort D% o= I, . '; =§ [ ] : - i
Sering Methed SFA Sheldy Tubes OD 3 L] vl E E #‘E g. ! £=' - 5 E;
‘ FHHE R SRR
SOIL CLASSIFICATION E MEHEE iz A 3 év LHH
- a3 gle ® |y§ - E'_o_ 3 *ea
SURFACE ELEVATION -~ (10, 9) ..§ g3 |38 5| w|5] 37 Bad 22 | E |324
=] SILTY SAND, fine grained, tan b -
g = —
1 CLAYEY SILTY SAND, fine o e
3 grained, gray . - -
- o (sC) 7.0] C
“=] SAND, fine to medium grained, = ! ;
~| sray - : -
3 103 | -
- - -
e (SP-5W) .:___‘ —
- = =
- 153 =
b g= =
- p =
- - -
| 20~ =
- - ~
={ VERY SILTY SANDY CLAY with 230 == il
“=] thin silt seams _ J - =
p (CL-ML) - v - -
—] Boring continued on page 2 - o
SAMPLER TYPE GROUND WATER DEPTH BORING METNOD
- - IV AUGERS
BT = PRESSES BHELEY TUBE VaTcoweLErion 5.3 e, CPA = CONTINUOUS FLIGHT AUGERS
CA = CONTINUOUS FLIGHT AUGER V AFTIR HRS. FT. DC - DRIVING CASING
RC « ROCK CORE WATER ON RODS FT. MD = MUD DRILLING
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RESO"BBE ; page 2 of 2

SUBSURFACE EXPLORATION
® Hfl ENGINEERING e ORD

& INCORPORATED S -

evem—— FRENCH LIMITED TASK FORCE Boring o  REL:3=2
Argmwet Enpnger C.Itin - Johs o 2751 1
Prowes Neme—__French Site Drown By——lB
Propes Loasvon__Crogby , Texas Arpreved By
DRILLING sng SAMPLING INFORMATION TEST DATA
Date Sierteg Marmmer W, ljo Ibs,
_Date WOM_S_,.HLSS__ Sorwner Drop_30______in,
vt Povemen_ 00 LAEEEl oo comerer 0D " E e
tepecior JB Reck Cors Du. = n " g . -E' B > E
Sormg Method STA Shetty Tube OD 3 n, wly wi 2 gé ! g i o - E E"
S THHR R BRI IR
SOIL CLASSIFICATION ) 5‘ xa ; g ] g ‘i -i“ EE % ..3 L !Ea
: B £ 3 . ¥io g- 3 : ) 3 - L)
suneacesuevation- (-14.1)| A5 | B8 (38| 3| R |80 3 Baky 2 |3 | & |23
=] VERY SILTY SANDY CLAY, with - | -
=] thin silty seams 27.0] = . { -
=4 01]SS|67 23 -
- CLAYEY SILTY SAND, fine grained - -
-] tan to gray 02155{50 16 -
‘ - (sC-ML) =200 = 31X 30— —
—1 _Change to Siltv Clav at 3]1.0' I -— ull
=] Boring Terminated at 31 ft. - -
-] (EL. = -20.1) . -
—— — e
- - -
- = — il
- - o=
- - -
oy - =
- * o =
— . feen
— 4 - e
= = =
- -
= 3 =
- o
E E s
E E 3
- -
- - e
I 50— —
- - -
. S'A‘n‘né.:z ;rv::‘ "00 GROUND WATER DEPTH ) loam‘cT r‘:m,%bl ns
= 9NtV LY N V AT COMPLETION 5.3 FT. HEA - HOLLOW
ST = PRESSED SHELBY TUBE s S FLIGHT AUGERS
CA - cowm%o:s chr\c"'r AUGER V AFTER HRS. FT. cn S?.'.‘J.'.’.‘é’ ?:Hsma
MC -~ ROCK CORE WATEA ON RODS FT. MD = MUD DRILLING
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Detalils of Monitor Nell Construction
Project Name: FRENCH LIMITED SITE Sorfng Numbers _ REI:3-3

Project Wumber; 275-02 Date Installed:  2-24-84
Water Level Measurement: S.60 (Fl. = '8, 4=]2-84

1-. = Top of Casing El.= _ 13,8
3. Y )

8 2.86

J . -—'— Protective Steel Casing

Ground Surface El.=_j9 ¢

s" fnch(1d)

PVC Mell Casing

o= Cement-Bentonite Grout
(4-1 mix)

-
- N
e ~.

- top of seal _3.9

‘Bentonite Seal 3 }3
= ;‘; - bOttom of seal 5. p
[ [
™ =1 - top Of screen _ g <
[ ]
Sand Pack > =
“wig
Sl 8 2010 fnch slot
: Siotted Well Screen
‘s
9
ol=
'l
e
M bottom of screen
Total Depth = 23,0 UNC . ] et
L 8" «od{ Borehole Diameter .

RE
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A2\ RESOURCE | c E Ex:&;&:\lr 0
REN excineerine - S e o

RECORD
¥ INCORPORATED =

Cueer _ERENCH LIMITED TASK FORCE Soring o _REL13-3 _
Arcrvimer Enpinenr,_C.JEIN Job e 27511
Propet neme__French Site Drawn By 1B
Propct Locston____Crashy, Texas Approves By
DRILLING sng SAMPLING INFORMATION * TEST DATA

Dete Started 5/13/85 Mommer Wi, 150 1bs.

Cuate Comalere: 5/13/85 Hammee Dv-a__lg_.h.
Dull Favermon__0 Lirrel ____ Socon Sempter Oo_z_m. E !_ &
tmpecior JB Rock Core D - n, - § ‘\I.. i z E
Boring Method SFA Shelvy Tube OD k| n w > E lgs § = - i E -
Elele) Fe Beieled |33 (53
SOIL CLASSIFICATION f lzo e 2|81 it H¥ ‘E’ S: | v |13}
: 2ElE2Is.181%(3 -1 g I 'o 3 s e
SURFACE ELEVATION = (10.9) EE gg s%l s : &l &= 55 8 x| 2 3 223
"] SILTY SAND, fine grained, ‘tan - -
- - - -
= (sM) — ol
— - o
- 4,01 = ~
=| CLAYEY SILTY SAND, fine grained, 5 -
=] gray - -y
- (sc) 1.0] o =
- -— -
—] SAND, fine to medium grained - -
=] sray : - -
e 10— —
= (s3-5W) = —
-— -— E
u = =
] 200 = 2.3% ps —
: — e
pu g -
— [ —
- \ = 01] §8] 33 ~
-] R0 -
- - 14 =
: -— :
— 1 NR|ST|O ol
=] Boring Terminated at 23'. b -
- (El.= =12.1) - =
-— 25 —— L
] 3 =
-—— d P
8s c‘::w: l:: Y|:‘:mo GROUND WATER DEPTH HEA ,.0:.?:.:,",97 r:r::)%o!ﬂs
= DRIVEN $PL N ¥ AT COMPLETION 5.3 °rT. -
= PRESSED SHELBY T J FA ~ CONTINUOUS FLIGHT AUGERS
g - commuoug u‘v’m%. iucn V AFTER HRS. Fr. coc ~ DRIVING CASING
RC - ROCK CORE WATER ON RODS FT. MD - MUD DRILLING
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PUMPED WELL: ERT-21
CONTROL WELL WATER LEVEL FLUCTUATIONS

MEAN-DEV MEAN-DEV MEAN-DEV MEAN-D
REI3-3 REI3-2 REI6&-1 ERT-20
HOUR min REI3-3 5.402 REI3-2 4.924 REI6-1 6.108 ERT-20 6.118

11 0 5.38 0.022
11 59 5.38 0.022
12 29 5.38 0.022
13 15 5.38 0.022
13 45 5.41 -0.00
14 16 5.41 -0.00
14 49 5.42 -0.01
15 15 5.41 -0.00
16 16 5.41 -0.00
17 15 5.42 ~-0.01
18 15 5.43 -0.02

12 0 4.92 0.004

12 30 4.92 0.004

13 15 4.92 0.004

13 50 4.92 0.004

14 15 4.92 0.004

14 48 4.92 0.004

15 16 4.92 0.004

16 15 4.92 0.004

17 16 4.93 -0.00

18 16 4.95 -0.02

15 33 6.08 0.028

16 1 6.08 0.028

17 0 6.1 0.008

18 0 6.13 -0.02

11 23 6.16 -0.05

12 31 6.12 -0.01

13 1 6.12 -0.01

13 31 6.11 -0.00

14 0 6.1 0.008

14 32 6.1 0.008

15 0 6.09 0.018

15 29 6.09 0.028
16 0 : 6.09 0.028
18 0 6.12 -0.00
19 0 6.12 ~-0.00
10 50 6.15 -0.03
12 30 6.15 -0.03
13 0 6.15 -0.03
13 30 6.13 ~0.01
14 4 6.11 0.008
14 30 6.1 0.018
15 4 6.09 0.028
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.03

G.G2

G.a1

—0.01

LLT-4

—0.02

—0.03

—0.C4

—.05

—0.08

AQUIFER PUMP TEST WELL ERT—21

GONTROL WELL WATER LEVEL FLUCTUATIONS

A & &
% %
| X X
A o
] 2 o o
+ + 4+ + 4+ o+ o+ o+
> N 3
X X X %
7] ®© ¢ A
* *
—1
<o
+ X
1 a A A
1 e
I | I I | 1
0.45 Q.55 0.65 Q.75
TIME
&  REI—8—1 A ERT—20 X  REI3—3

+ REl 3—2

8.6.00
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STEP DRAWDOWN TEST - WELL ERT-21

Saturated Thickness

static water level

45.12 feet

4.88 feet

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t!
DRAWDOWN TIME-t'

min

0.

WoOSNOAMPWNMEFWUONMO

ft

4.88
6.8
7.74
9.15
10.02
10.64
11.12
11.51
11.83
12.1
12.4
12.7
13.15
13.5
13.9
14.21
14.5
15.2
15.79
16.2
16.57
17
17.45
18.02
18.44
18.86
19.33
18.31
18.15
18.56
18.82
19.08
19.5
19.8
20.57
20.97
19.58
18.67
16.52
14.46
13.17
11.87
11.03
10.09
9.26

p

1.92
2.86
4.27
5.14
5.76
6.24
6.63
6.95
7.22
7.52
7.82
8.27
8.62
9.02
9.33
9.62
10.32
10.91
11.32
11l.69
12.12
12.57
13.14
13.56
13.98
14.45
13.43
13.27
13.68
13.94
14.2
14.62
14.92
15.69
16.09
14.7
13.79
11. 64
9.58
8.29
6.99
6.15
5.21
4.38

ft

0.00
1.88
2.77
4.07
4.85
5.39
5.81
6.14
6.41
6.64
6.89
7.14
7.51
7.80
8.12
8.37
8.59
9.14
9.59
9.90
10.18
10.49
10.82
11.23
11.52
11.81
12.14
11.43
11.32
1l.61
11.79
11.97
12.25
12.45
12.96
13.22
12.31
11.68
10.14
8.56
7.53
6.45
5.73
4.91
4.17

B-278

min

0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00

961.00
481.00
241.00
161.00
121.00
97.00
8l.00
69.57
61.00
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min

489
490
492
494
496
498
500
505
510
515
520
525
530

540.

550
560
575
600
630
660
690
720
1200

ft

8.67
8.23
7.64
7.28
7.02
6.86
6.72
6.45
6.25
6.12
5.99
5.91
5.8
5.7
5.57
5.48
5.38
5.28
5.21
5.14
5.11
5.07
4.94

ft

3.79
3.35
2.76

2.4
2.14
1.98
1.84
1.57
1.37
1.24
1.11
1.03

0.92.

0.83
0.63

0.6

005

0.4
0.33
0.26
0.23
0.19
0.06

DRAWDOWN TIME-t'

ft

3.63
3.23
2.68
2.34
2.09
1.94
1.80
1.54
1.35
1.22
1.10
1.02
0.91
0.82
0.68
0.60
0.50
0.40
0.33
0.26
0.23
0.19
0.06

min

9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
60.00
70.00
80.00
95.00

120.00
150.00
180.00
210.00
240.00
720.00

B-279

TIME-t DEPTH DRAWDOWN ADJUSTED RECOVERY t/t!

54.33
49.00
41.00
35.29
31.00
27.67
25.00
20.20
17.00
14.71
13.00
11.67
10.60
9.00
7.86
7.00
6.05
5.00
4.20
3.67
3.29
3.00
l1.67
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ADJUSTED DRAWDOWN (FT.)
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PUMPED WELL ERT-21
RECOVERY ANALYSIS

T =264 Q gpd/te
A3

T = 264 (3.83) = 595 gpd/ft

1.7

FRENCH LIMITED PROJECT
CROSBY, TEXAS

FIGURE A2-))

THEIS RECOVERY ANALYSIS

PUNPED WELL: ERY-21

OBSEAVATION WELL: E8T-21%
DATEIS):______AUQG. 10, 1888

PROJECT Ne. 28 DATE
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST: August 11, 1988
PUMPED WELL: ERT-22
OBSERVATION WELLS: none

CONTROL WELLS: ERT-23, ERT-7A and ERT-7

BACKGROUND AND DESCRIPTION OF TEST:

The test of well ERT-22 was not in the original Work Plan for pump testing
the shallow alluvial aquifer zone. This well was included to help address
concerns by EPA and Jacobs Engineering about the nature and extent of a
higher transmissive zone south of the French Limited Lagoon near the ERT-7
and ERT-8 wells.

There were no preliminary pumping testing data upon which to base a pumping
rate for the test. The original Work Plan recommended a pumping rate of
four gpm. Since the well did appear to be in the more productive portion
of the alluvial aquifer similar to wells ERT-21, ERT-7 and ERT-8, personnel
performing the aquifer test decided to attempt to pump the well at a rate
of approximately four gpm.

Heavy rain occurred for about three hours prior to the start up of the test
and was responsible for delaying the start of testing. A canopy cover was
purchased and placed over the pumping well and generator and the test was
started at about 16:40 (4:40 p.m.). Intermittent rain fell during the
pumping period and recovery period. Total storm event rainfall was
estimated at 1.25 inches.

Since the water was pumped through a hose to the French Limited Lagoon some
distance away, the flow measurements using the bucket and stop watch were
taken by personnel monitoring the control wells and were recorded on the
control well monitoring forms. Measurements with a bucket and stop watch
indicated a relatively constant pumping rate of 4.35 gpm. This pumping
rate could not be sustained and was cut back to 2.4 gpm and held at this
rate for 270 minutes. The variable pumping rate was not considered to pose
problems for interpretation since this was a single well test. Also, it
was thought that the varigble rate test would help discriminate the
drawdown due to formations loss from that due to well inefficiency. The
pumping rate was increased to 2.88 gpm for the last 90 minutes of the pump
test. Total pumping time for the test was seven hours.

Recovery measurements were taken periodically for eight hours after
termination of pumping. Control wells were monitored for water levels
about every one-half hour during pumping and for 1.5 hours into the
recovery period. A water level measurement of the control wells was also
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taken after eight hours of recovery. Water level measurement data are
attached.

INTERPRETATION:

The control wells ERT-7, ERT-7A and ERT-23 showed no obvious response due
to pumping well ERT-29. The water levels in all three wells rose
throughout the monitoring period for the test including the recovery
period. The total water level rise in the control wells from the start of
the test was from 0.2 to 0.3 feet as shown in the plot of control well

water level fluctuation. These changes were large enough to require
adjustment of the drawdown in the pumped well in order to interpret these
results.

The average fluctuation from the three control wells was used to adjust the
water level measurements in the pumped well.

Drawdown values determined from the water level measurements adjusted for
the precipitation recharge influence in the production well ERT-22 were
adjusted using Jacob’s (1963) correction for water table conditions:

8' = s-sz/ZHo

where: 8’ = adjusted drawdown
8 = drawdown and
Ho = initial saturated thickness

Drawdown and adjusted drawdown values are included in the attached
spreadsheet. The water level measurement in the spreadsheet has been
adjusted for precipitation recharge. Following the procedures of Birsoy
and Summers (1980), an adjusted time was calculated for the drawdown data
and a dimensionless time was calculated for the recovery data.

The ratio of adjusted drawdown to the associated pumping rate for the
production well ERT-22 were plotted against the log of adjusted time on the
attached semi-log plot in Figure A2-7. The ratio of the adjusted residual
drawdown (recovery) to the final pumping rate were also plotted against the
log of dimensionless time on the same semi-log plot in Figure A2-7. Well
bore effects had a significant influence on a portion of the response data.
The drawdown response during the latter portion of the drawdown response
was used to estimate the transmissivity from the drawdown data. The
calculated transmissivity was 100 gpd/ft.

A transmissivity was also calculated from the valid portion of the recovery
data from the semi-log plots. The transmisgivity determined from the semi-
log recovery analysis using the dimensionless time of Summers and Birsoy
was 714 gpd/ft. This estimate appears to be reasonable in comparison with
the transmissivity from wells having similar specific capacities.

Delayed yield effects were not observed but could have been masked by the

variable pumping rate. A storage coefficient could not be determined from
the single well response data.
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A RESOURCE ENGINEERING COMPANY BORING LOG AND CONSTRUCTION
OF ERT-22
Chent . ARCD Chemica) Company DRILLING AND SAMPLING INFORMATION
Project Name ____french Limited Site Date Startec _12-28-87 Date Completeq _12-28-87
Project Location _Crosby, Jexss Method _____Pud Rotary_— TYoial Depth _ 535 Teet
Job No.______ 275-23-01 Boring No. _ERI=¢2 WELL COMPLETION INFORMATIQN
Logged By teve Preston Screen Dla. __4-1nch Leagth __ 40.0 feet
Approved By TC_HLM. tel e Slot Size m Type
Orilled By Gulf Coast Drilling Lopriiers N Jim_furner Casing Dia.. ___4-inch Length .0 Teet
c Y E ;—'—- 2 >lw 3
z > = | wm =z [ 3% 4 2
EE‘ DESCRIPTION w | o 5: £3s H] |53 Ju %
ws % g |Felots Slac]l ¥y |2
oz < 3 |s* "'5'5 x = |3 ol=
SURFACE ELEVATION " S F - 23 " i1
— 0 ={ Bark brown and black silty to clayey sand. (sC) (1.5") - ST ll,.S - _ 1.9
~ Light brown silty fine to medium sand. (SM-5P)
p 0
= - ST |5.0] - =
5 -5 v,
= (8.0')
=] Gray to olive gray clayey fine to medium sand. (SC) _ ST 158 . -
10 -3 :
-
3
3- ' - | ss QLO - |ren1e1s
15 —] Gense gray to black fine to medium sand. (SP) 5.0 /1y
-
é - Medium to coarse grains with occassional gravel from 18.0' 50
3 . - 1ss PdU = (1415017
20?
- (2a.5) | .0 [ 55 Baig |45 [171218
25 —f Very stiff gray clay, with silt sockets and partings. (CH)
E T
- (20.5') | - | ST Ro.o |45 -
30 — Dense olive gray and dark tan silty clay to clayey silt with clay -
:1 pockets and partings. (cL-m)
3 (33.0")
. ] Medium dense brown silt, slightly clayey. (M) - |st gg 3.0 j
35
‘40—3 - |5 3130 hansng
=] - Oense from 44.0°
-
3 - | s fsafes| -
45—_
=
p
w_é ) 3 4.5+ -
. (53.0')
< 53.
. 3 vaw’_ﬁtiff dark brownish red and 1ight gray clay with silt pockets. } 3.5 | st 250 4.0 -
3
L -
SALPLER TYPE GORING METHOD
€% - DAIVEN BPLIT SPOON  CA - CONTINUOUS FLIGHT AUGER HSA - HOLLOW STEM AUGERS DC - DRIVING CASING
ST - PRESSED SHCLBY TUDE RC - ROCK CORE : CFA - CONTINUOUS FLIQHT AUGERS MD - MUD DRILLING
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A RESOURCE ENGINEERING COMPANY BORING LOG AND CONSTRUCTION

OF ERT-23
Client o ___ARCO Chenjcal Company DARILLING AND SAMPLING INFORMATION
Project Nama ____Eranch Linitgd Site Date Started __12-28-p7 ____ Dste Completed 12-28-R7
Project Localion _Croaby, Texas — Method ___Mud Rotary . Tota! Depth__50.0 fees
Job No. i5-23-01 Boring No. __ERT-23 WELL COMPLETION INFORMATION
Logged By Leve Preston Screan Dia. =inch ¢ Length __40.0 feet
Approved By Slol Size ;010=inch Type PVC
Drilled By FS1, ine, Orifier's Name__R. Sponcer ____ Casing Dla. =inch @ Length __15.0 feet
[
. w |X
g s E = I-E; E E 5: § ]
zh -~ |lusinYsl 3 wid=l = | ¥
Ew DESCRIPTION ulw [S€]%3E] 8 3 HEFRE
we § | s |2e|ts lac| 25 |2
: 213 |3°%|%¥2 & =135 of°
0 SURTACE ELEVATION o s s -l 2 ” S
=] Dark brown clay, gravel and glass pieces with ctrash mscerial. ".-';' ’2.
= (rill satarial) 2
= P- 1
E : o
53 : SRS
= (3:0') A
=] Derk brown sandy clay wicth grasvel (CL) N ~ ST lgﬁo - - = F' "
10 = (10.9") . I
=] Medium dense light gray fine to wedium sand with occassional 2 ;
= gravel (SP) vy 5
p
pu
pu -1 L
o i
15 ~
3
-
3
ps R - 18.3]
| 203 P H /1172
: -
o —(22,0°)
=] Stiff brown zlay with occassional gravel (CH)
o 23.0
3 - ST |3 3.0 -
25 ] 25.0
p
E
3. Olive zray and brown from 29.0°' , 28.0
- -6 ST
- 30.0{ 3.0 -
30 -
- (33.0Y)
~f Stiff gray and red silty clay (CL) 33.0
= (34.8") - ST |35.0] 2.5 -
B T_- Light gray siley fine sand to fine sand (SM-SP)
3
= . ~ | st |38.5] - N
40 — 20:0
E = Gray and red clay layer from 44.0' to 44.2' . o |35
45— 45.0] - -
3 at uz.0’
J - 1-inch silt layers fvem—biriiere-50vdt
p= 3.0
3 : N P ) e
50 =
= |sr.e
= ~T| sT - -—
55 -:- - Red clay pockets and partings froa 55.0' LindJ §5.0
n (57.0")
| Very stiff red and gray clay with silt pockets (CH)
- 5 -
L 3 (60.0')_|J-8 | ST 25 13.5
SAMOLER TYPE RORING METHOD
S - DRIVEN SPLIT SPOON CA - CONTINUOUS FLIGHT AUQER HSA - HOLLOW STEM AUSERS DC - DRIVING CASING
QY - PAESSED SHELOY TUBE RAC - ROCK CORE : CFA - CONTINUQUS FLIGHT AUGERS MD - MUD ORILLING
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A RESOURCE ENGINEERING COMPANY
SUBSURFACE EXPLORATION

Sheet 1of 1

LITHOGRAPHIC LOG OF ERT-7

CHent : French LTD.

DRILLING AND SAMPLING INFORMATION

Projpct Nome : French LTD. Oate Started :  §/28/87 Date Completed 9/28/87
Prajpct Location : Crosby. Texas Nethod : MR Total Depth : 48
Job Numbor 275~-21 Boring No : ERT-7 WELL COMPLETION INFORMATION
Logged By : D Morgan Seraen Dia : 28.
Approved By G. Spradley - .. Slot Size : ow Type : Pvc
Drilied By : Gulf Coast Coring Casing Dio : & Length : 172.7°
zk DESCRIPTION 2 | E% 2z gl 45 =g
3 Jlad = =
g 3 %EEE = 5¢ 53
SURFACE ELEVATION : 3 [ |es| 2 8
E Fil, roadbase, gravel, sond, sit A
3 "
] Sity Sond, ton to brown( gray, fine to medium grained 1|ST|80| - r/ .
5.§ some block sludge material 2 {ss|s0{0.4 // . -
. 3 {SS|50(0.2 /V
: %
103 4 |SS|45(02 //
-3 [/ -
3 5 [Ss{25]02 /-
3 /)
3 6 |SS|50{06 /.
15 7 |SS|50{0.8 {/ .
3 Sand, fine to medium grained, groy, strong odor & Iss|13]0.4 o
; 9 |Ss|NR Bl
20 — : : ﬁ
3 10|SS{17] - g :
3 11|ss{45/| - g
253 12|ss|2s] - S i .
3 13|ss|25] - g it
3 Sity Clay, groy with some red/brown mottles, stiff, - ¥
30_3 with some fine grained sand seams 14]SS|30 : N
J some odor 15lsTl75] - %
: 16[sT|s0| -
35 Cloyey Silt, light gray, soft, soturoted 171sTl75]| - -
4 some odor i
3 19 [STINR ¥
20 3 20|ST|75] - ]7 i ]
3 21{ss|{50/ - //t,
E 22|ss|65] - ?
] i
45 = 23|ST|s50| - % -
3 Sity Cloy, light groy, stiff, some tan mottles, no odor 24|ST|84] - ______
50~  BUORING TERMINATED AT 480’ .
]
55 -

SAWSLER TYOE
S5 ~ DRIVEN SPLIT SPOON
ST - PRISSED SHELBY TUBL

H5A — HOLLOW STEM

B-287

BORNG METHO[
AUGER
CFA — CONTINUOUS FUGHT AUGERS

[C =~ DRIVING CASING
MD = MUD DRRLLING



ERT 929

A RESOURCE ENGINEERING COMPANY BORING LOG AND CONSTRUCTION

OF ERT-7A
Ctient ARCO Chemical Company oau.uuc AND SAMPLING INFORMATION .
Project Name French LIslted Sice Date Started _ 11-17-87 Dale Completad 11-17-%7
Project Location Crosby, Texas Method __Mud Notaty Tolal Depth 203 Toel ——
Job No. 275-23-01 Boring No. ___“%1°78 WELL COMPLETION mronmnou
Logged By Steve Preston Screen Dia. - hi. Length __15.0 feot
Approved By Sloi Size : inch __  Type
Drilled By PET, Tac. Driiler's Name_ - Spencer Casing Dia. &-inch Lenpth 5.0 feet
s e |2 | 8 v |- z
2 > [g=] t~] = « g‘: O |m
3™ - laslu3] 3 w 2 T
=w DESCRIPTION w | HHHER €| Jw | T
Lo g1 [usf983 ° [8)22)8%|:
oz |5 |ac(Ruf g |E(25|72 (¥
° SURFACE ELEVATION - “ s 3 2 wl= o
:"Euruu saterlal (.59
5 Groy medium to fina silty sand
3
5 =]
o
o
3
m.E
3
15 —
i .
3 2
zo.E
bt
3
25 —] —(25.00
3
-
30 -
3
3
35 '
pus
-1
—
v
&0 —]
b
pu
he
p
45 =
o
-
-
-
p
j .
$0 -
p
55 =
-l
Iy ORING METHOD
86 - DRIVEN SPLIT SPOON CA - CONTINUOUS FLICH'I' AUGER HSA - HOLLOW STEM AUGERS DC - DMIVING CARING
S1 - PRESSID SHELDY TUBE AC - ROCK CORE CFA - CONTINUOUS FLIGNT AUQERS MD - MUD ORILLING
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PUMPED WELL: ERT-22
CONTROL WELL WATER LEVEL FLUCTUATIONS

MEAN-DEV MEAN-DEV MEAN-DE
ERT-23 ERT-7A ERT-7
MIN ERT-23 7.1533 ERT-7A 5.2702 ERT-7 4.7488

19 7.45 =0.30
42 7.45 =0.30
1l 7.45 =0.30
7 7.15 0.00
38 7.18 =0.03
58 7.16 =0.01
12 7.16 =0.01
29 7.15 0.00
53 7.14 0.01
18 7.13 0.02
53 7.12 0.03
23 7.12 0.03
56 7.10 0.05
16 7.10 0.05
58 7.09 0.06
18 7.09 0.06
48 7.09 0.06
18 7.09 0.06
48 7.09 0.06
18 7.09 0.06
52 7.08 0.07
36 7.07 0.08
11l 7.07 0.08

6 7.06 0.09

1 5.35 -0.08
is 5.35 -0.08
57 5.32 -0.05
1l 5.32 =0.05
27 5.32 =0.05
47 5.32 =-0.04
13 5.31 =0.03
49 5.29 ~0.01
14 5.28 =0.01
51 5.26 0.01
19 5.25 0.02
54 5.25 0.02
15 5.25 0.02
45 5.25 0.02
15 5.25 0.02
45 5.25 0.02
15 5.25 0.02
59 5.25 0.02
28 5.24 0.03

7 5.23 0.04
1l 5.18 0.09
58 5.19 0.08

2 4.90 -0.15
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MEAN~DEV MEAN-DEV
ERT-23 ERT-7A

HOUR MIN ERT-23 7.1533 ERT-7A 5.2702 ERT-7

16
16
17
17
17
18
18
19
19
20
20
21
21
22
22
23
23

0

1l
14
19

18
58
10
26
43
14
48
15
50
18
53
14
44
14
44
14
56
30

6
10
56

B-290

4.89
4.84
4.84
4.83
4.82
4.80
4.75
4.77
4.75
4.73
4.73
4.71
4.73
4.73
4.73
4.72
4.71
4.70
4.68
4.62
4.50

MEAN-DE
ERT-7
4.7488

-0.14
-0.09
~-0.09
-0.08
-0.07
-0.05
-0.00
=-0.02
=-0.00
0.02
0.02
0.04
0.02
0.02
0.02
0.03
0.04
0.05
0.07
0.13
0.25
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DEVIATIONS FROM THE MEAN

AQUIFER PUMP TEST WELL ERT—22

CONTROL WELL WATER LEVEL FLUCTUATIONS

0.3
0.2 -
o
0.1 - ooa®
o oo™ 0
0o < > ++
P tees?
o oy
oB o+
H++o
++,0¢
—0.1 - ®
o®
~G.2
—-0.3 —
m O
—.4 | T T T T T 1 T T T T T
4] .2 C.4 0.8 08 1 1.2
TIME

(W] ERT—23 + ERT—74A < ERT—7
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STEP DRAWDOWN TEST - WELL ERT-22

Saturated Thickness

static water level

TIME-t DEPTH DRAWDOWN ADJUSTED t-Ti ADJUSTED

nin

0.00
0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
12.00
14.00
16.00
18.00
. 20.00
25.00
30.00
35.00
40.00
45.00
50.00
60.00
70.00
80.00
90.00
120.00
150.00
180.00
210.00
248.00
270.00
300.00
330.00
360.00
390.00
419.00
420.50
420.75
421.22
421.73
. 422.30
422.92
423.63

ft

2.98

5.63

7.17

9.35
10.91
11.99
12.83
13.49
14.04
14.53
15.00
15.37
16.17
16.87
17.49
18.07
18.66
20.06
21.33
22.77
24.22
25.76
27.77
31.40
18.70
17.78
18.10
18.20
19.20
19.59
20.17
20.50
20.84
20.99
21.47
27.76
29.56
30.09
28.11
27.11
25.11
23.11
21.11
19.11
17.11

ft

0.00

2.65

4.19

6.37

7.93

9.01

9.85
10.51
11.06
11.55
12.02
12.39
13.19
13.89
14.51
15.09
15.68
17.08
18.35
19.79
21.24
22.78
24.79
28.42
15.72
14.80
15.12
15.22
16.22
16.61
17.19
17.52
17.86
18.01
18.49
24.78
26.58
27.11
25.13
24.13
22.13
20.13
18.13
16.13
14.13

47.02 feet
2.98 feet
DRAWDOWN

ft min
0.00

2.58

4.00

5.94

7.26

8.15

8.82

9.34

9.76

10.13

10.48

10.76

11.34

11.84
12.27

12.67
13.06
13.98

14.77

15.62

16.44

17.26

18.25

19.83

13.09 10.00
12.47 20.00
12.69 30.00
12.76 60.00
13.42 90.00
13.67 120.00
14.05 150.00
14.26 188.00
14.47 210,00
14.56 240.00
14.86 270.00
18.25 30.00
19.07 60.00
19.29 89.00
18.41 0.50
17.94 0.75
16.92 1.22
15.82 1.73
14.63 2.30
13.36 2.92
12.01

3.63
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TIME
min

0.00
0.50
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
12.00
14.00
16.00
18.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
60.00
340.20
246.75
219.74
210.75
227.17
250.23
276.02
310.59
331.16
359.63
388.44
269.19
319.67
359.35
722.57
482.14
297.62
209.39
158.08
124.92
100.55

§/Q RECOVERY t/t'

ft/gpm

0.00
0.59
0.92
1.37
1.67
1.87
2.03
2.15
2.24
2.33
2.41
2.47
2.61
2.72
2.82
2.91
3.00
3.21
3.40
3.59
3.78
3.97
4.20
4.56
5.46
5.20
5.29
5.32
5.59
5.70
5.85
5.94
6.03
6.07
6.19
6.34
6.62
6.70
6.39
6.23
5.88
5.45
5.08
4.64
4.17

TIME-t!
min

0.50
0.75
l1.22
1.73
2.30
2.92
3.63

841.00
561.00
346.11
243.35
183.61
144.98
116.61
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TIME-t DEPTH DRAWDOWN ADJUSTED t-Ti ADJUSTED s/Q RECOVERY t/t!

DRAWDOWN TIME TIMETt'
min ft ft ft min min ft/gpm min
424.45 15.11 12.13 10.56 4,45 82.32 3.67 4.45 95.38
425.40 13.11 10.13 9.04 5.40 68.06 3.14 5.40 78.78
426.55 11.11 8.13 7.43 6.55 56.33 2.58 6.55 65.12
428.08 9.11 6.13 5.73 8.08 45.89 1.99 8.08 52.96
429.90 7.11 4.13 3.95 9.90 37.70 1.37 9.90 43.42
431.28 6.11 3.13 3.03 1l1.28 33.23 1.05 11.28 38.22
432.38 5.61 2.63 2.56 12.38 30.39 0.89 12.38 34.92
433.90 5.11 2.13 2.08 13.90 27.21 0.72 13.90 31.22
439.57 4.11 1.13 l1.12 19.57 19.68 0.39 19.57 22.46
447.93 3.61 0.63 0.63 27.93 14.15 0.22 27.93 16.04
457.99 3.38 0.40 0.40 37.99 10.72 0.14 37.99 12.05
472.93 3.19 0.21 0.21 52,93 8.02 0.07 52.93 8.93
482.22 3.13 0.15 0.14 62.22 7.00 0.05 62.22 7.75
498.25 3.03 0.05 0.05 78.25 5.80 0.02 78.25 6.37
522.55 3.04 0.06 0.06 102.55 4.69 0.02 102.55 5.10
556.20 2.86 ~0.12 ~0.12 136.20 3.80 =0.04 136.20 4.08
770.00 2.65 -0.33 -0.34 350.00 2.12 -0.12 350.00 2.20
908.00 2.61 -0.37 -0.37 488.00 l1.81 -0.13 488.00 1.86
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8/Q (FT/GPM)

1.0
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! .
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! ..
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i
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5_05. e e e
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0.0i- s 'STEP. 1, Q.= 4.38
x STEP 2 QO = l:.llﬂrﬂ
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7.0
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I e

—
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WELL BORE
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WELL BORE
STORAGH
EFFECTS
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ADJUSTED TIME (MIN)

100

. PUMPED WELL ERT-22
.. RECOVERY ANALYSIS

C T = 264 gpd/ft
s/q)

T = 264 = 714 gpd/ft

. ! PUMPED WELL ERT-22
) - DRAWDOWN ANALYSIS

T = 264 gpd/ft
s

T = 265 = 100 gpd/ft
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FRENCH LIMITED SITE
AQUIFER TESTING PROGRAM

DATE OF TEST: August 12, 1988

PUMPED WELL: ERT-29

TOTAL DEPfH: 50 FEET

SCREENED INTERVAL: 20 FT. TO 50 FT. CASING DIAMETER: &4 IN.
OBSERVATION WELLS: ERT-28 and ERT-30

CONTROL WELLS: ERT-23

BACKGROUND AND DESCRIPTION OF TEST:

The test of ERT-28 was included to provide information about aquifer
characteristics between the French Limited Lagoon and the Riverdale
Subdivision. The preliminary pumping test program indicated that the well
had been pumped at 11 gpm for almost 20 minutes. Based on these results,
personnel performing the test attempted to pump the well at four gpm on
August 11. The water level was drawn down to the pump intake after just
6.5 minutes and the test was terminated. Measurements had not yet been
taken with a bucket and stop watch, so it is possible that the actual
pumping rate may have been greater than four gpm. Also in subsequent
discussions with Norm Nielsen of Applied Hydrology Associates, it was
discovered that during the preliminary pump test which was conducted during
well purging prior to sampling, the well was pumped without a valve control
and the 11 gpm rate was based on one bucket and stop watch measurement.
Thus, the flow rate estimates for the preliminary pump test may be in
error.

The test was re-run on August 12, with the flow rate set to and maintained
at about 0.75 gpm. Subsequent measurements with a bucket and stop watch
indicated a pumping rate of 0.66 gpm. At these low pumping rates, it was
concluded that observation wells ERT-28 and ERT-30 located over 150 feet
from the pumped well would not experience any drawdown due to pumping
during en eight-hour test. Nevertheless, these two wells and control well
ERT-23 were monitored for water levels about every one-half hour.

After one hour of pumping at 0.66 gpm the drawdown was less than four feet
and had appeared to level out. The persomnel performing the test decided
to increase the pumping rate to about 1.1 gpm since the variable rate test
would help discriminate the drawdown due to formations loss from that due
to well inefficiency. At 106.3 minutes into the test, the pump stopped for
tvo minutes and the generator was re-fueled. Even though the valves were
not adjusted, the pumping rate after re-fueling dropped to about 0.78 gpm.
The flow was maintained at this rate for about 102 minutes. Then at 210
minutes into the test, the rate was stepped up to about 1.89 gpm. After
pumping at this rate for about 10 minutes, the rate started to drop but was
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not adjusted immediately because the Rotometer measured rates only up to
one gpm. The pumping rate from averaged about 1.53 gpm for the next 30
minutes. The pump rate was increased to about 4.2 gpm for the last ten
minutes and recovery measurements were taken for about two hours following
the test. Water levels in the pumping well had recovered to within 0.11
feet of the original static water level. Field measurements are attached.

Water produced from the test was pumped into 55-gallon drums during the
test. The contents of the 55-gallon drums were emptied into the French
Limited Lagoon following completion of the test.

INTERPRETATION:

The control wells ERT-30, ERT-28 and ERT-23 showed no obvious response due
to pumping well ERT-29. The water levels in all three wells rose near the
latter portion of the pumping period but started dropping shortly before
the pump was shut off. The decline continued into the recovery period.
The total water level fluctuation in the control wells was less than 0.05
feet, as shown in Figure 1. These changes were small and appeared to
follow a diurnal pattern similar to that observed for the control wells
during the ERT-10 well test.

Drawdown values determined from water level measurements in the production
well ERT-29 were adjusted using Jacob’'s (1963) correction for water table
conditions. Jacob's correction is:

8! = s-sz/ZHo

where: 8' = adjusted drawdown
8 = drawdown and
Ho = initial saturated thickness

Drawdown and adjusted drawdown values are included in the attached data
sheet. Following the procedures of Birsoy and Summers (1980), an adjusted

time was calculated for the drawdown data and a dimensionless time was
calculated for the recovery data.

The ratio of adjusted drawdown to the associated pumping rate for the
production well ERT-29 was plotted against the log of adjusted time on the
attached semi-log plot in Figure A-8. The ratio of the adjusted residual
drawdown (recovery) to the final pumping rate was also plotted against the
log of dimensionless time on the same semi-log plot in Figure A-8. Well
bore effects had a significant influence on a large portion of the response
data. The drawdown response during the latter portion of the test was too
erratic to allow for an estimation of the transmissivity from the drawdown
data. The reason for the erratic response is not entirely clear. It
appears to be the result of fluctuations in the pumping rate, although the
bucket-and-stop-watch measurements did not indicate a significant change in
the pumping rate.

A transmissivity was calculated from the valid portion of the recovery data

from the semi-log plots. Unfortunately there were only three data points
in the recovery plots that were determined to be outside the range of well
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bore storage effects. The transmissivity determined from the semi-log
recovery analysis using the dimensionless time of Summers and Birsoy was
1467 gpd/ft. This estimate appears to have considerable error since it
does not correspond with the low specific capacity of the well. The large
error is probably because it was derived from three data points near the
final stages of recovery. Measurement errors and water level response to
influences other than pumping would be relatively significant in the latter
stages of recovery where the residual drawdown 1is less than 0.1 feet. A
transmissivity of 1221 gpd/ft was also calculated from the wvalid portion of
the recovery data using the Theis (1935) recovery method in Figure A2-9.
This estimate may also have considerable error for the same reasons
described previously.

Delayed yield effects were not observed but could have been masked by the
variable pumping rate. A storage coefficient could not be determined from
the single well response data.

The transmissivity estimate from the recovery analyses seems to be high in
comparison with the results from the more productive wells such as ERT-22,
ERT-21 and ERT-7. If an accurate estimate of transmissivity 1is needed in
the region around the well ERT-29, then a new test should be performed.
The pump test should be run long enough to produce a response in wells ERT-
28 and ERT-30 or an observation well should be installed closer to the
pumped well.
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PUMPED WELL: ERT-29
CONTROL WELL WATER LEVEL FLUCTUATIONS

MEAN-DEV MEAN-DEV MEAN-DEV
ERT-30 ERT-30 ERT-30
HOUR min ERT-30 14.42 ERT-28 13.82 ERT-23 7.039

8 55 14.43 -0.01
9 59 14.44 -0.02
11 9 1l4.43 =-0.01
11 30 14.43 -0.01
12 9 1l4.43 -0.01
12 29 14.43 -0.01
12 59 14.43 -0.01
13 30 14.43 -0.01
13 55 14.42 0.00
14 37 1l4.41 0.0l
15 7 14.39 0.03
15 53 14.39 0.03
16 30 14.40 0.02
17 2 14.43 -0.01
17 41 14.43 -0.01
18 3 1l4.43 -0.01

8 59 13.83 -0.00
9 55 13.82 0.01
11 5 13.82 0.01
11 34 13.82 0.01
12 5 13.82 0.01
12 31 13.82 0.01
13 2 13.82 0.01
13 27 13.82 0.01
13 58 13.82 0.01
14 34 13.84 -0.01
15 0 13.82 0.01
15 46 13.82 0.01
le 27 13.83 -0.00
17 0 13.85 -0.02
17 37 13.85 -0.02
18 6 13.86 -0.03
9 6 . 7.05 =0.01
11 2 7.05 -0.01
11 39 7.06 -0.02
12 1 7.06 -0.02
13 S 7.05 =0.01
13 25 7.05 =-0.01
14 1 7.04 ~-0.00
14 30 7.04 -0.00
15 3 7.03 0.01
15 43 7.02 0.02
16 24 ' 7.02 0.02
16 57 7.03 0.01
17 34 7.02 0.02
18 10 7.03 0.01
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STEP DRAWDOWN TEST - WELL ERT-29

. Saturated Thickness 43.34 feet
static water level 11.66 feet
TIME-t DEPTH DRAWDOWN ADJUSTED t-Ti Adjusted s/Q RECOVERY t/t'
DRAWDOWN time TIME-t!
min ft ft ft min min min
0 1ll.66 0 0.00 0.00 0.00
0.5 12.37 0.71 0.70 0.50 1.07
1l 12.58 0.92 0.91 ' 1.00 1.38
2 11l2.84 1l.18 l.1l6 2.00 1.76
3 13.3 l.64 l.61 3.00 2.44
4 13.66 2 1.95 4.00 2.96
5 13.95 2.29 2.23 5.00 3.38
6 1l4.21 2.55 2.47 6.00 3.75
7 14.4 2.74 2.65 7.00 4.02
8 14.65 2.99 2,89 8.00 4.37
9 14.81 3.15 3.04 9.00 4.60
10 14.91 3.25 3.13 10.00 4.74
12 15.26 3.6 . 3.45 12.00 5.23
14 15.28 3.62 3.47 14.00 5.26
le 15.27 3.61 3.46 16.00 5.24
18 15.32 3.66 - 3.51 ' 18.00 5.31
20 15.39 3.73 3.57 20.00 5.41
‘ 25 15.63 3.97 3.79 25.00 5.74
30 15.87 4.21 4.01 30.00 6.07
35 15.65 3.99 3.81 35.00 5.77
40 15.72 4,06 3.87 40.00 5.86
45 15.64 3.98 3.80 45.00 5.75
50 15.63 3.97 3.79 50.00 65.74
85 15.73 4.07 3.88 55.00 5.88
60 15.62 3.96 3.78 60.00 5.73
70 18.05 6.39 5.92 10 32.31 5.41
80 18.36 6.7 6.18 20 46.12 65.65
90 18.75 7.0 6.51 30 58.17 b5.95
100 19.23 7.57 6.91 40 69.49 6.31
108.3 16.72 5.06 4.76 2.017 38.97 4.35
109.3 16.9 5.24 4.92 -1.017 95.06 6.23
110 17.08 5.42 5.08 1.7 121.30 6.43
115 17.05 5.39 5.05 6.7 159.86 6.40
120 1l6.72 5.06 4.76 11.7 1l61.72 6.03
125 11l6.58 4.92 4.64 1l6.7 l62.16 5.87
130 16.65 4.99 4.70 21.7 163.31 5.95
135 16.63 4.97 4.69 26.7 165.20 5.93
140 16.77 5.11 4.81 31.7 167.69 6.09
150 16.7 5.04 4.75 41.7 173.93 6.01
160 16.65 4,99 4.70 51.7 181.26 5.95
170 16.63 4.97 4.69 61.7 189.27 5.93
180 l6.7 5.04 4.75 71.7 197.74 6.01
190 116.65 4.99 4.70 81.7 206.52 5.95
' 200 16.64 4.98 4,69 91.7 215.52 5.94
210 16.63 4.97 4.69 10l1.7 224.70 5.93
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8/Q (FT/GPM)
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APPENDIX C

DEPTH-TO-WATER DATA
FOR THE
UPPER ALLUVIAL ZONE
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FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

FEET FEET TOC GROUND TOTAL
WELL EAST NORTH ELEVATION ©ELEVATION DEPTH

ERT-1 2606.23 3205.78 15.18 15.2 50.00
ERT~-1A 2617.03 3204.05 14.57 14.9 20.00
ERT-2 2516.53 3262.65 15.52 15.9 50.00
ERT~3 2580.99 3339.00 16.33 16.6 48.00
ERT-4 2618.41 3215.64 15.03 15.3 47.00
ERT=-4A 2629.34 3215.67 14.51 14.9 20.50
ERT-5 2527.23 3267.92 15.81 16.1 50.00
ERT-6 2573.82 3331.14 15.70 16.0 50.00
ERT-7 2942.93 3193.30 13.33 13.9 45.70
ERT-7A 2954.04 3194.47 13.86 14.2 20.00
ERT-8 2944.61 3202.24 13.41 14.1 49.10
ERT-8A 2954.14 3202.15 14.00 14.1 20.00
ERT-9 2715.13 3208.70 14.39 14.8 52.00
ERT-9A 2725.60 3208.06 14.25 14.7 20.00
ERT-10 2714.20 3217.69 14.58 14.8 50.00
ERT-10A 2725.38 3215.92 14.20 14.7 20.00
ERT-20 3684.68 3055.45 13.79 11.2 42.00
ERT-21 3256.66 3001.74 13.09 10.4 42.00
ERT-22 2946.66 3029.98 11.24 9.6 48.00
ERT-23 2281.45 3044.91 15.87 12.5 55.00
ERT-24 2185.07 3160.71 13.01 10.0 45.00
ERT-25 1989.08 3198.34 15.42 13.0 48.00
ERT-26 1761.93 3165.02 13.27 11.2 48.00
ERT=-27 2168.47 2974.24 16.13 14.3 48.00
ERT-28 2176.74 2608.16 19.82 17.8 63.00
ERT-29 2186.96 2431.25 19.37 17.7 58.00
ERT-30 2179.55 2259.85 17.35 15.8 53.00
GW=-2 2164.02 2761.12 18.35 16.4 58.00
GW=-7 2165.82 2791.17 18.36 16.4 24.00
GW-8 3644.19 3206.82 12.91 13.5

GW-9 2554.75 3214.54 15.00 15.1

GW-13 2717.21 3831.36 12.95 10.9 24.00
GW-17 1925.14 3180.19 17.03 15.3 23.00
GW-18 1676.48 2664.82 16.25 15.3 23.50
GW-19 2170.99 2137.55 16.04 13.7 23.50
GW-23 2202.46 1369.31 11.65 9.9 18.00
REI-1 2451.99 1597.14 23.48 21.5 8.00
REI-3-1 3184.64 2564.74 12.68 10.2 51.00
REI-3~2 3181.57 2569.67 12.46 10.3 33.00
REI-3-3 3175.99 2567.65 13.11 10.3 22.50
REI-S 2303.81 2577.65 22.39 19.1 16.90
REI-6-1 3379.31 3184.23 13.94 12.2 50.00
REI-6-2 3446.24 3186.34 14.58 13.2 25.00
REI-8 2190.76 1909.74 15.52 12.5 23.00
REI-9 2325.40 1423.98 18.79 15.5 22.00
REI-10-2 2671.78 3131.31 14.24 12.9 48.00
REI-10-3 2612.74 3186.59 13.91 14.2 48.00
REI-10-4 2685.62 3183.27 14.18 14.2 48.00
REI-12-2 1304.45 3791.26 12.25 10.3 50.50




VL3391

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 20-Apr-83 29-Apr-83 04-May-83 l1l2-May-83 20-May-83

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT~4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT~-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-20
ERT-21
ERT-22
ERT-23
ERT-24
ERT-25
ERT-26
ERT-27
ERT-28
ERT-29
ERT-30
GW-2 15.96 16.08 16.48 16.07 15.72
GW=7 7.16 7.53 7.53 7.48 7.31
GW-8 3.13 2.70
GW~9 5.53 5.09
GW=-13
GW=-17
GW-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2
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FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 01-Jun-83 08-Jun-83 15-Jun-83 22-Jun-83 30-Nov-83

ERT-1

ERT-1A

ERT=-2

ERT-3

ERT-4

ERT-4A

ERT-5

ERT-6

ERT-7

ERT-7A

ERT-8

ERT-8A

ERT-9

ERT-9A

ERT-10

ERT-10A

ERT-20

ERT-21

ERT-22

ERT~-23

ERT-24

ERT-25

ERT-26

ERT-27

ERT-28

ERT~29

ERT-30

GW=-2 14.57 15.11 15.93 15.70 15.57
GW=7 5.13 5.48 5.90 5.92 7.61
GW-8 0.70 1.88 3.71 1.93 3.24
GW-9 3.92 4.48 6.12 4.76 5.23
GW~-13 4.06
GW=17 7.60
GW-18 3.42
GW-19 5.97
GW-23

REI-1

REI-3-1

REI-3-2

REI-3=3

REI-5

REI-6~1

REI=-6-2

REI-8

REI-9

REI-10-2

REI-10-3

REI-10-4

REI-12-2
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FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 05~Dec-83 07-Dec-83 19-Dec-83 17-Feb-84 24-Feb-84

ERT-1

ERT-1A

ERT-2

ERT~3

ERT-4

ERT~-4A

ERT-5

ERT-6

ERT-7

ERT-7A

ERT-8

ERT-8A

ERT-9

ERT-9A

ERT-10

ERT-10A

ERT-20

ERT-21

ERT-22

ERT-23

ERT-24

ERT-25

ERT-26

ERT-27

ERT-28

ERT-29

ERT-30

GW-2 15.32 15.40 15.21 14.87 14.90
GW-7 6.77 7.47 7.32 6.99 7.05
GW-8 2.76 2.72 1.87 2.09
GW-9 4.79 5.12 4.95 4.85 4.92
GW-13 3.33 3.33 3.12 2.65
GW-17 7.29 7.36 7.35 7.11 7.19
GW-18 2.79 3.00 2.83 2.24 2.41
GW-19 5.62 5.74 5.09 4.87 4.91
GW-23

REI-1

REI-3-1

REI-3-2

REI-3-3

REI-5

REI-6-1

REI-6-2

REI-8

REI-9

REI-10-2

REI~10-3

REI-10-4

REI-12-2
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FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 0l-Mar-84 l6-Mar-84 l12-Apr-84 l1l7-May-84 0l-Nov-87

ERT-1 v 5.01
ERT-1A

ERT-2- 5.52
ERT-3 6.64
ERT-4 5.95
ERT-4A

ERT-5 6.71
ERT-6 6.54
ERT=-7 4.57
ERT-7A

ERT-8 4.48
ERT-8A

ERT-9

ERT-9A

ERT-10

ERT-10A

ERT-20

ERT-21

ERT-22

ERT-23

ERT-24

ERT-25

ERT-26

ERT-27

ERT-28

ERT-29

ERT-30

GW-2 14.91 14.88 15.58 16.32

GW-7 7.06 7.24 7.83 8.33

GW-8 2.09 2.27 1.34 3.82

GW-9 4.85 4.97 5.67

GW~13 2.55 3.19 4.00

GW~17 7.22 7.26 7.86

GW~-18 2.44 1.29 4.13

GW-19 4.99 5.13 5.96 6.68

GW-23 4.65

REI-1 5.16
REI-3-1 6.23

REI-3-2 5.13

REI-3~3 5.58

REI-5

REI-6-1 5.46

REI-6-2 4.75

REI-8

REI-9

REI~-10~2

REI-10-3 4.72
REI-10-4

REI-12-2



23953

WELL

FRENCH LIMITED DEPTH-TO~-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)

03-Nov~-87 04-Nov-87 05-Nov-87 06~-Nov-87 08-Nov-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT~6
ERT=-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT~9A
ERT-10
ERT-10A
ERT-20
ERT-21
ERT~22
ERT-23
ERT~-24
ERT-25
ERT-26
ERT=-27
ERT-28
ERT-29
ERT-30
GW=-2
GW-7
GW-8
GW-9
GW-13
GW=-17
GW-18
GW~-19
GW=-23
REI-1
REI=-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI~-10-~2
REI-10-3
REI-10-4
REI-12-2

- 5.80

5.38
6.40
4.82

6.53
6.38
4.28

4.35

4.90

5.19
6.42
5.84

6.57
6.40
4.45

4.43

4.98

5.49
6.54
5.88

6.67
6.50
4.40

4.54

5.00

5.52
6.53
5.94

6.70
6.53
4.46

4.60

4.58



r2Nang:

WELL

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES
DEPTH TO WATER FROM TOP OF CASING (FEET)

16-Nov-87 17-Nov-87 18-Nov-87 20-Nov-87 25-Nov-87

ERT=-1
ERT~1A
ERT=-2
ERT-3
ERT~-4
ERT~4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT=-9A
ERT-10
ERT-10A
ERT-20
ERT-21
ERT=~22
ERT-23
ERT-24
ERT~25
ERT~-26
ERT-27
ERT-28
ERT-29
ERT-30
GW=-2
GW=~7
GW-8
GW-~9
GW-13
GW=-17
GW-18
GW-19
GW=-23
REI-1
REI-3-1
REI~-3-2
REI-3-3
REI~-5
REI-6-1
REI-6-2
REI~-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

4.82
5.46
6.44
5.79
6.59
6.42
4.10

4.23

4.86

4.74

5.36
6.37
5.71

6.55
6.39
3.99

4.13

4.86
5.45
5.85
6.57
6.44
4.04

4.10

4.92

5.34

5.40
5.20

6.44

4.46
4.96
5.09
6.08
5.40
4.93
6.23
6.09
3.66
4.13
3.81
4.33
4.96
14.22
5.10
4.58
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FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 26-Nov-87 27-Nov-87 28-Nov-87 29-Nov-87 30-Nov-87

ERT-1 4.45 4.45 4.40 4.44 4.42 .
ERT-1A 4.97 4.90 4.94 4.94
ERT-2 5.07 5.06 5.00 5.02 5.03
ERT-3 6.05 6.04 6.01 6.04 6.04
ERT-4 5.40 5.35 5.40 5.40
ERT-4A 4.86 5.83 4.88 4.84
ERT~-5 6.20 6.23 6.18 6.22 6.21
ERT-6 6.05 6.06 6.00 6.04 6.04
ERT-7 3.65 4.70 3.65 3.71 3.73
ERT-7A 4.14 4.11 4.15 4.16
ERT-8 3.81 3.75 3.81 3.82
ERT-8A 4.30 4.35 4.30 4.37 4.38
ERT-9 4.92 4.84 4.88 4.86
ERT-9A 14.20 10.38 8.74 8.04 7.36
ERT-10 5.11 5.00 5.04 5.08
ERT-10A 4.60 4.56 4.54 4.56 4.58
ERT-20

ERT=-21

ERT-22

ERT-23

ERT-24

ERT-25

ERT-26

ERT=-27

ERT-28

ERT-29

ERT-30

GW=-2

GW=-7

GW-8

GW-9

GW-13

GW-17

GW-18

GW-19

GW-23

REI-1 4.50 4.45 4.40 4.46 4.45
REI-3-1

REI-3-2

REI-3-3

REI-S5

REI-6-1

REI-6-2

REI-8

REI-9

REI-10-2

REI-10-3 4.11 4.06 4.03 4.10 4.06
REI-10-4

REI-12-2
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FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 03-Dec-87 07-Dec-87 08-Dec-87 09-Dec-87 ll-Dec-87

ERT-1 4.47 4.30 4.28 4.84 4.24
ERT-1A 5.05 4.79 4.78 4.88 4.73
ERT-2 5.05 4.90 4.96 5.10 4.80
ERT-3 6.10 5.86 5.84 5.98 5.82
ERT-4 5.45 5.26 5.28 5.60 5.20
ERT-4A 4.88 4.75 4.77 4.86 4.69
ERT-5 6.25 6.04 6.02 6.16 5.97
ERT-6 6.05 5.88 5.88 5.98 5.83
ERT=-7 3.72 3.60 3.62 3.75 3.58
ERT-7A 4.21 4.04 4.06 4.16 4.02
ERT-8 3.88 3.71 3.72 3.85 3.68
ERT-8A 4.43 4.24 .26 4.38 4.22
ERT-9 5.30 4.76 4.74 4.86 4.63
ERT-9A 6.08 12.40 11.24 10.20 8.96
ERT-10 5.14 4.90 4.90 4.99 4.84
ERT-10A 4.63 4.40 4.48 4.54 4.40
ERT-20

ERT-21

ERT-22

ERT-23

ERT-24

ERT-25

ERT-26

ERT=-27

ERT-28

ERT-29

ERT-30

GW-2

GW-7

GW-8

GW-9

GW-13

GW-17

GW-18

GW-19

GW-23

REI-1 4.50 4.38 4.38 4.50 4.76
REI-3-~1

REI-3-2

REI-3-3

REI-5

REI~-6-1

REI-6-2

REI-8

REI-9

REI-10-2

REI-10-3 4.14 4.00 4.00 4.09 3.90
REI-10-4

REI-12-2

C-10
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FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 16-Dec-87 20-Dec-87 21-Dec-87 23-Dec-87 26-Dec-87

ERT-1 4.52 4.44 4.18 4.08 4.24
ERT-1A 5.13 4.92 4.74 4.60 4.74
ERT-2 5.05 5.04 4.86 4.66 4.86
ERT-3 6.02 6.04 5.80 5.68 5.86
ERT-4 5.52 5.42 5.20 5.06 5.22
ERT-4A 4.95 4.78 4.10 4.56 4.82
ERT-5 6.25 6.24 6.04 5.82 6.02
ERT-6 6.00 6.03 5.90 5.64 5.86
ERT-7 3.70 - 3.71 3.34 3.44 3.60
ERT-7A 4.10 4.12 3.80 3.90 4.00
ERT-8 3.80 3.82 3.48 3.56 3.70
ERT-8A 4.33 4.40 3.80 4.10 4.19
ERT-9 4.85 4.88 4.68 4.50 4.80
ERT-9A 6.08 12.04 10.50 8.40 6.60
ERT-10 5.03 5.05 4.88 4.70 4.85
ERT-10A 4.56 4.58 4.36 4.26 4.40
ERT-20

ERT-21

ERT-22

ERT=-23

ERT-24

ERT-25

ERT-26

ERT=-27

ERT-28

ERT-29

ERT-30

GW-2

GW-7

GW-8

GW-9

GW-13

GW=-17

GW-18

GW-19

GW=-23

REI-1 4.38 4.56 4.10 4.08 4.24
REI-3-1

REI-3-2

REI-3-3

REI-5

REI-6-1

REI-6-2

REI-8

REI-S

REI-10-2

REI-10-3 4.07 4.16 3.78 3.86
REI-10-4

REI-12-2

C-11
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FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 27-Dec-87 28-Dec-87 29-Dec-87 30-Dec-87 31-Dec-87

ERT-1 4.26 4.22 2.32 4.07 4.04
ERT-1A 4.84 4.74 4.82 4.64 4.56
ERT-2 5.00 4.88 4.92 4.72 4.67
ERT-3 6.02 5.88 5.96 5.74 5.69
ERT~4 5.29 5.20 5.30 4.10 5.02
ERT~-4A 4.70 4.64 4.72 4.59 4.54
ERT~5 6.12 6.04 6.14 5.89 5.84
ERT~6 5.92 5.86 5.96 5.73 5.68
ERT=-7 3.60 3.66 3.47 3.47
ERT-7A 3.96 4.04 3.89 3.91
ERT-8 3.68 3.80 3.53 3.63
ERT-8A 4.14 4.22 4.08 4,07
ERT-9A 6.18 5.78 5.64 5.34 5.11
ERT-10 4.90 4.90 4.96 4.79 4.66
ERT-10A 4.40 4.48 = 4.28 4.25
ERT-20

ERT~21

ERT-22

ERT-23

ERT-24

ERT-25

ERT-26

ERT=-27

ERT~28

ERT-29

ERT-30

GW-2

GW~-7

GW-8

GW~9

GW-13

GW-17

GW~-18

GW=-19

GW=-23

REI-1 4.22 4.32 4.10 4.04
REI-3-1

REI-3-2

REI-3-3

REI-S

REI-6-1

REI-6-2

REI-8

REI-9

REI-10-2

REI-10-3 3.92 4.02 3.79 3.69
REI-10-4

REI-12-2

c-12




12388%

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 0l-Jan-88 02-Jan-88 03-Jan-88 04-Jan-88 17-Jan-88

ERT-1 4.20 4.22 4.08 4.25

ERT-1A 4.70 4.81 5.59 4.75

ERT-2 4.80 4.78 4.69 4.89 4.74
ERT-3 5.84 5.86 5.72 5.93 5.72
ERT-4 5.17 5.25 5.04 5.23

ERT-4A 4.66 4.66 4.57 4.73

ERT-5 6.00 6.00 5.89 6.07 5.92
ERT-6 5.85 5.92 5.73 5.93 5.78
ERT-7 3.57 3.60 3.50 3.68 3.50
ERT-7A 3.95 3.93 3.90 4.04 3.90
ERT-8 3.68 3.68 3.58 3.73 3,59
ERT-8A 4.14 4.20 4.09 4.21 4.01
ERT-9 4.62 4.75 4.53 4.68 4.48
ERT~9A 4.94 4.99 4.74 4.70 4.51
ERT-10 4.82 4.90 4.68 4.80 4.68
ERT~-10A 4.36 4.40 4.19 4.36 4.24
ERT-20

ERT~-21

ERT-22

ERT-23

ERT-24

ERT-25

ERT-26

ERT~27

ERT-28

ERT-29

ERT-30

GW-2

GW=-7

GW-8

GW~9

GW-13

GW-17

GW~-18

GW-19

GW=-23

REI-1 4.90 4.90 4.06 4.23 4.07
REI-3-1

REI~3-2

REI=-3-3

REI-5

REI-6-1

REI-6-2

REI-8

REI-9

REI-10-2

REI-10-3 3.87 3.92 3.76 3.88

REI~10-4

REI-12-2

C-13




0239683 * °

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 18-Jan-88 19-Jan-88 20-Jan-88 2l1-Jan-88 22-Jan-88

ERT-1 4.08 4.11 4.40 4.39 4.37
ERT-1A 4.48 4.40 4.66 4.77 4.82
ERT~2 4.64 4.68 5.04 5.02 5.00
ERT-3 5.40 6.08 5.73 6.06 6.05
ERT-4 5.06 5.04 5.38 5.34 5.32
ERT-4A 4.50 5.52 4.84 4.85 4.79
ERT-5 5.84 5.84 6.26 6.20 6.22
ERT-6 5.38 5.73 6.10 6.05 6.06
ERT=-7 3.38 3.39 4.74 6.70 3.69
ERT-7A 3.78 3.98 4.03 4.02 4.09
ERT-8 3.50 3.48 3.86 3.84 3.81
ERT-8A 3.93 3.82 4.17 4.17 4.26
ERT=-9 4.41 4.32 4.79 4.88 4.75
ERT-9A 4.41 4.40 4.90 9.55 5.33
ERT-10 4.58 4.54 4.54 . 4.92 4.90
ERT-10A 4.18 4.19 4.48 4.40 4.34
ERT=-20

ERT~-21

ERT-22

ERT-23

ERT-24

ERT=25

ERT-26

ERT=-27

ERT-28

ERT-29

ERT~30

GW-2

GW=7

GW=-8

GW=-9

GW-13

GW-17

GW-18

GW-19

GW~-23

REI-1 4.01 3.97 4.40 4.31 4.48
REI-3-1

REI-3=-2

REI-3-3

REI-5

REI-6-1

REI-6-2

REI-8

REI-9

REI-10-2

REI-10-3 4.22
REI-10-4

REI-12-2

C-14




023963

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 23-Jan-88 24-Jan-88 03-Feb-88 04-Feb-88 09-Feb-88

ERT-1
ERT-1A
ERT=-2
ERT=-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-20
ERT-21
ERT-22
ERT-23
ERT-24
ERT-25
ERT-26
ERT-27
ERT-28
ERT-29
ERT-30
GW-2
GW=7
GW-8
GW-9
GW-13
GW=-17
GW-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-S
REI-6-1
REI~-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

4.30
4.63
4.76
5.82
5.17
4.60
5.96
5.82
3.50
3.92
3.62
4.08
4.53
4.79
4.68
4.28

4.10

4.30
4.63

4.10

C-15

4.80

3.67
4.14

4.42
4.73
4.68
4.86
4.40

4.50
4.76
5.09
6.14
5.43

6.46
6.18

3.84

4.26

4.92
6.01
5.24
4.71
6.11
5.96
3.56
4.01
3.68
4.19
4.62
4.55
4.75
4.36

4.92




0239614

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 11-Feb-88 l12-Feb-88 13-Feb-88 l1l4-Feb-88 15-Feb-88

ERT-1 4.36 4.37 4.35 4.34 4.36
ERT-1A 4.82 4.89 4.66 4.68 4.84
ERT=~2 4.98 5.02 5.00 4.96 5.00
ERT-3 6.04 6.10 6.12 6.08 6.06
ERT-4 5.30 5.35 5.31 5.35 5.32
'ERT-4A 4.80 4.84 4.81 4.77 4.80
ERT-5 6.22 6.23 6.20 6.10 6.21
ERT-6 6.06 6.10 6.10 6.04 6.02
ERT-7 3.68 3.70 3.70 3.66 3.66
ERT-7A 4.04 4.10 4.09 4.09 4.00
ERT-8 3.80 3.84 3.83 3.84 3,78
ERT-8A 4.22 4.25 4.24 4.22 4.18
ERT-9 4.74 4.74 4.73 4.71 4.72
ERT-9A 4.60 4.70 4.76 4.72 4.72
ERT-10 4.87 4.90 4.90 4.82 4.90
ERT-10A 4.36 4.46 4.46 4.48 4.42
ERT-20

ERT-21

ERT-22

ERT~-23

ERT-24

ERT-25

ERT-26

ERT-27

ERT-~28

ERT-29

ERT-30

GW=-2

GW~-7

GW-8

GW=-9

GW-=13

GW=-17

GW-18

GW-19

GW=-23

REI-1 4.42 4.40 4.38 3.89 4.40
REI-3-1

REI-3-2

REI-3-3

REI-S

RRI-6-1

REI-6-2

REI-8

REI-9

REI-10-2

REI-10-3 3.82 4.00 4.00 4.70 3.96
REI-10-4

REI~12-2

C-16



0239685

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 18~Feb-88 03-Mar-88 l16-Mar-88 29~Mar-88 02-Apr-88

ERT-1 4.30 4.36 4.28 3.94 42.05
ERT-~1A 4.84 4.70 4.78 4.39 4.52
ERT-2 4.96 4.82 4.90 4.87
ERT-3 6.04 6.05 5.58 5.78
ERT-4 5.34 5.30 5.24 5.04 4.97
ERT-4A 4.78 4.62 4.68 4.56 4.50
ERT-5 6.22 6.26 6.10 5.96
ERT-6 6.00 6.06 5.60 5.79
ERT-7 3.62 3.41 3.72 3.62 3.48
ERT-7A 4.00 3.76 4.04 4.00 3.87
ERT-8 3.74 4.00 3.67 3.32 3.53
ERT-8A 4.21 4.30 4.24 4.20 4.05
ERT~9 4.63 4.52 4.73 4.55 4.38
ERT~-9A 4.64 4.46 4.73 4.52 4.29
ERT-10 4.81 4.68 4.89 4.22 4.61
ERT-10A 4.40 4.50 4.48 4.28 4.10
ERT-20 3.64 3.58

ERT-21 3.50 6.56

ERT=-22 1.70 1.66

ERT-23 6.10 5.88

ERT-24 3.04 3.42

ERT-25 5.35
ERT-26 3.05
ERT~-27 4.50
ERT-28 13.05
ERT~29 8.97
ERT-30 12.44
GW-2

GW-7

GW~-8

GW-9

GW-13

GW-17

GW~18

GW~-19

GW-23

REI-1 4.32

REI-3-1

REI-3-2

REI-3-3

REI-5

REI~6-1"

REI-6-2

REI-8

REI-9

REI-10-2 4.76 4.72 4.76 3.36
REI-10-3 3.57 4.12 3.90 3.80
REI-10-4 4.32 4.41 3.94 4.03
REI-12-2

C-17




0238 °

WELL

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
11-Apr-88 13-Apr-88 25-Apr-88 07-May-88 14-May-88

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT=-10
ERT-10A
ERT-20
ERT-21
ERT-22
ERT=-23
ERT-24
ERT-25
ERT=-26
ERT=-27
ERT-28
ERT-29
ERT-30
GW-2
GW=-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6~-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

4.30
4.75
4.98
5.90
5.28
4.72
6.01
5.98
3.68
4.00
3.72
4.20
4.68
4.49
4.84
"4.38
3.75
3.53
1.69
5.89
3.22
5.57
3.15
4.75
12.36
8.91
12.64
13.82
7.20
4.70
15.00
3.58
7.26
3.85
5.90
4.80
6.01
3.36
3.94
3.94
11.76
4.12
4.71
5.92
11.61
4.68
3.95
4.24
4.09

4.32
4.81

4.74
4.18
4.26

C-18

4.53
5.02
5.15
6.24
5.51
4.96
6.36
6.20
3.89
4.29
3.99
4.46
4.87
4.72
5.07
4.60
4.45
3.92
1.94
6.16
3.49
5.84
3.73
5.37
11.27
9.35
13.26

4.96
4.33
4.50

5.61
4.98
5.92
6.77
5.43
4.91
6.25
6.09
3.82
4.27
3.91
4.44
4.81
4.48
5.01
4.57

4.88
5.94
4.83

5.75
5.00
5.98
6.75
5.50
4.98
6.25
6.20
3.85
4.31
3.90
4.58
4.83
4.43
5.00
4.67

4.85
5.98
4.91




0213967

WELL

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES
DEPTH TO WATER FROM TOP OF CASING (FEET)

24-May-88 28-May-88 07-Jun-~88 20-Jun-88 24-Jun-88

ERT-1
ERT~-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT=-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-20
ERT-21
ERT-22
ERT-23
ERT-24
ERT-25
ERT-26
ERT=-27
ERT-28
ERT-29
ERT-30
GW-2
GW=7
GW-8
GW-9
GW-13
GW-17
GW-18
GW=-19
GW-23
REI-1
REI-3-1
REI~-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

5.92
5.32
6.28
7.08
5.78
5.20
6.58
6.40
4.18
4.62
4.26
4.76
5.14
4.84
4.95
4.82
5.10
4.32
2.26
6.52
3.80
6.44
4.45
5.88
11.89
10.40
13.70

4.66

4.82
12.84

4.80
4.74
4.18

6.09
5.47
6.43
7.22
5.95
5.40

- 6.75

6.60
4.38
4.82
4.50
4.97
5.32
5.00
5.50

" 5.05

5.46

5.40
5.00
5.43

C-19

6.10
5.50
6.45
7.23
5.95
5.43
6.76
6.60
4.28
4.74
4.34
4.79
5.32
4.99
5.51
5.00

12.55

5.42
4.97
5.41

6.50
7.78
5.36
5.62
6.20
6.90
4.72
5‘20
4.90
5.32
5.78
5.46
5.90
5.00
5.73
5.89
2.87
7.04
4.28
6.90
4.67
6.16

10.90
14.37

5.82
5.30
5.84

6.50
6.00
6.80
7.50
6.30
5.76
7.08
6.90
4.77
5.28
4.92
5.42
5.72
5.34
5.90
5.50

5.80
5.32
5.82




023968

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL 29-Jun~-88 08-Jul-88 18-Jul-88 06-Sep-88

ERT~1 6.59 6.77 7.10 6.10
ERT-1A 6.35 6.30 6.32 6.15
ERT-2 6.90 7.10 7.32 6.41
ERT-3 7.64 7.83 8.01 7.18
ERT-4 5.33 6.63 6.88 5.95
ERT~4A 5.85 5.98 6.34

ERT=5 7.18 7.38 7.60 6.70
ERT=-6 7.00 7.20 7.40 6.57
ERT=~7 4.89 5.10 5.30 4.22
ERT=-8 5.00 5.21 5.41 4.31
ERT-BA 5.50 5.74 6.86 4.95
ERT-9 5.84 6.02 6.28 5.35
ERT-SA 5.50 5.70 5.90 5.08
ERT-10 6.00 6.20 6.45 5.56
ERT-10A 5.58 5.76 6.06 5.19
ERT-~20 6.52 5.29
ERT-21 5.68 4.20
ERT-22 3.45 3.20
ERT-23 7.72 6.87
ERT~24 4.61 3.98
ERT-25 7.13 6.41
ERT-26 5.23 4.50
ERT-27 9.91 6.67
ERT-28 13.50 13.95
ERT~29 11.90 11.68
ERT-30 15.01 14.63
GW=-2

GW-=-7

GwW-8

GW-9

GW=-13

GW=-17

GW-18

GW-19

GW-23

REI~-1

REI-3-1 12.65 14.03
REI~-3-2

REI-3-3 9.19

REI~-S 12.65 14.03
REI~-6~-1

REI~6~2

REI~-8

REI-9

REI-10-3 5.43 5.63 5.90 4.98
REI-10-4 5.93 5.94 6.18 5.24
REI-12-2

C-20




121969

FRENCH LIMITED DEPTH-TO-WATER DATA BY DATES

[ DEPTH TO WATER FROM TOP OF CASING (FEET)
WELL  17-Oct-88 16-Nov-88 29-Nov-88
ERT-1 6.77
ERT-1A 7.15
ERT-2 7.60
ERT-3 7.90 8.34
ERT-4 3.03
ERT-4A 6.75
ERT-5 7.85-
ERT-6 7.73
ERT-7 5.20
ERT-7A 5.80
ERT-8 5.10 5.35
ERT-8A 5.94
ERT-9 6.35
ERT-9A 6.08
ERT-10 6.15 6.55
ERT-10A 6.17
ERT-20 6.30 6.44
ERT-21 4.94 5.12
ERT-22 2.84 3.09
ERT-23 7.55 7.95
ERT-24 4.73 5.12
ERT-25 6.90 7.36
. ERT-26 5.25 5.58
ERT-27 7.28 7.57
ERT-28 14.50 15.86
ERT-29 12.21 12.59
ERT-30 15.05 15.44
cW-2
cW-7
cW~8
cW~-9
cW-13
GW~17
cW-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
RET-6-1
REI-6-2
REI-8
RET-9
REI-10-2 6.39
RET-10-3 5.64 7.56
RET-10-4 6.03 6.27

. REI-12-2

C-21




BOOKMARK






APPENDIX D

WATER LEVEL ELEVATIONS
FOR THE
UPPER ALLUVIAL ZONE




023971

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

FEET FEET TOC GROUND TOTAL
WELL EAST NORTH ELEVATION ELEVATION DEPTH

ERT-1 2606.23 3205.78 15.18 15.2 50.00
ERT-1A 2617.03 3204.05 14.57 14.9 20.00
ERT-2 2516.53 3262.65 15.52 15.9 50.00
ERT-3 2580.99 3339.00 16.33 16.6 48.00
ERT~4 2618.41 3215.64 15.03 15.3 47.00
ERT~-4A 2629.34 3215.67 14.51 14.9 20.50
ERT-5 2527.23 3267.92 15.81 16.1 50.00
ERT-6 2573.82 3331.14 15.70 16.0 50.00
ERT-7 2942.93 3193.30 13.33 13.9 45.70
ERT-7A 2954.04 3194.47 13.86 14.2 20.00
ERT-8 2944.61 3202.24 13.41 14.1 49.10
ERT-8A 2954.14 3202.15 14.00 14.1 20.00
ERT-9 2715.13 3208.70 14.39 14.8 52.00
ERT-9A 2725.60 3208.06 14.25 14.7 20.00
ERT-10 2714.20 3217.69 14.58 14.8 50.00
ERT-10A 2725.38  3215.92 14.20 14.7 20.00
ERT-20 3684.68 3055.45 13.79 11.2 42.00
ERT-21 3256.66 3001.74 13.09 10.4 42.00
ERT-22 2946.66 3029.98 11.24 9.6 48.00
ERT-23 2281.45 3044.91 15.87 12.5 55.00
ERT=-24 2185.07 3160.71 13.01 10.0 45.00
ERT-25 1989.08 3198.34 15.42 13.0 48.00
ERT-26 1761.93 3165.02 13.27 11.2 48.00
ERT-27 2168.47 2974.24 16.13 14.3 48.00
ERT-28 2176.74 2608.16 19.82 17.8 63.00
ERT-29 2186.96 2431.25 19.37 17.7 58.00
ERT-30 2179.55 2259.85 17.35 15.8 53.00
GW=-2 2164.02 2761.12 18.35 16.4 58.00
GW=7 2165.82 2791.17 18.36 16.4 24.00
GW-8 3644.19 3206.82 12.91 13.5

GW=-9 2554.75 3214.54 15.00 15.1

GW-13 2717.21 3831.36 12.95 10.9 24.00
GW-17 1925.14 3180.19 17.03 15.3 23.00
GW-18 1676.48 2664.82 16.25 15.3 23.50
GW-19 2170.99 2137.55 16.04 13.7 23.50
GW~-23 2202.46 1369.31 11.65 9.9 18.00
REI-1 2451.99 1597.14 23.48 21.5 8.00
REI-3~-1 3184.64 2564.74 12.68 10.2 51.00
REI-3-2 3181.57 2569.67 12.46 10.3 33.00
REI-3-3 3175.99 2567.65 13.11 10.3 22.50
REI-5 2303.81 . 2577.65 22.39 19.1 16.90
REI-6-1 3379.31 3184.23 13.94 12.2 50.00
REI-6-2 3446.24 3186.34 14.58 13.2 25.00
REI-8 2190.76 1909.74 15.52 12.5 23.00
REI-9 2325.40 1423.98 18.79 15.5 22.00
REI-10-2 2671.78 3131.31 14.24 12.9 48.00
REI-10-3 2612.74 3186.59 13.91 14.2 48.00
REI-10-4 2685.62 3183.27 14.18 14.2 48.00
REI-12~2 1304.45 3791.26 12.25 10.3 50.50



3972

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 20-Apr-83 29-Apr-83 04-May-83 l1l2-May-83 20-May-83

ERT-1
ERT=-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT=-9
ERT-9A
ERT-10
ERT-10A
ERT-20
ERT-21
ERT-22
ERT-23
ERT~24
ERT-25
ERT-26
ERT-27
ERT-28
ERT-29
ERT-30
GW-2 2.39 2.27 1.87 2.28 2.63
GW=7 1l.20 10.83 10.83 10.88 11.05
GW-8 9.78 10.21
GW-9 9.47 9.91
GW-13
GW=17
GW-18
GW=-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2




023973

WELL

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES
WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL

0l-Jun-83 08-Jun-83 1l5-Jun-83 22-Jun-83 30-Nov-83

ERT-1
ERT-1A
ERT-2
ERT~3
ERT~-4
ERT-4A
ERT-5
ERT-6
ERT=7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT~-20
ERT-21
ERT-22
ERT-23
ERT-24
ERT-25
ERT-26
ERT-27
ERT-28
ERT-29
ERT-30
GW-2
GW=7
GW-8
GW-9
GW-13
GW=-17
GW-18
GW-19
GW-23
REI-1
REI~-3-1
REI~3-2
REI-3-3
REI-S
REI-6-1
REI~6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10~4
REI-12-2

3.78
13.23
12.21
11.08

3.24
12.88
11.03
10.52

2.42
12.46
9.20
8.88

2.65
12.44
10.98
10.24

2.78
10.75
9.67
9.77
8.89
9.43
12.83
10.07



023974

WELL

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES
WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL

05-Dec-83 07-Dec-83 19-Dec-83 17-Feb-84 24-Feb-84

A ——

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT=-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT-20
ERT-21
ERT-22
ERT-23
ERT-24
ERT-25
ERT-26
ERT-27
ERT-28
ERT-29
ERT-30
GW-2
GW-7
GW-8
GW-9
GW-13
GW-17
GW-18
GW-19
GW=-23
REI-1
REI-3~-1
REI=-3-2
REI-3-3
REI-5
REI-6~-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

3.03
11.59
10.15
10.21

9.62

9.74
13.46
10.42

2.95
10.89
10.19

9.88

9.62

9.67
13.25
10.30

3.14
11.04

10.05

9.68
13.42
10.95

3.48
11.37
11.04
10.15

9.83

9.92
14.01
11.17

3.45
11.31
10.82
10.08
10.30

9.84
13.84
11.13



023175

WELL

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
0l-Mar-84 1l6-Mar-84 12-Apr-84 17-May-84 0l1l-Nov-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT-6
ERT=~7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT=-20
ERT-21
ERT-22
ERT-23
ERT-24
ERT-25
ERT-~26
ERT-27
ERT-28
ERT=-29
ERT-30
GW=-2
GW=7
GW-8
GW-9
GW-13
GW=-17
GW~18
GW-19
GW-23
REI-1
REI-3~1
REI-3=~2
REI-3-3
REI-S
REI-6-1
REI~-6~-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

3.44
11.30
10.82
10.15
10.40

9.81
13.81
11.05

3.47
11.12
10.64
10.03

9.77

10.91

2.77
10.53
11.57

9.76

14.96
10.08

6.45
7.33
7.53

8.48
9.83

10.17

10.00
9.69
9.08

9.10
9.16
8.76

8.93

2.03
10.03
9.09
9.33
8.95
9.17
12.12
9.36
7.00
18.32




0213976

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 03-Nov-87 04-Nov-87 05-Nov-87 06-Nov-87 08-Nov-87

ERT-1 9.38 10.28 10.20 10.18 10.33
ERT-1A

ERT=-2 10.14 10.33 10.03 10.00 10.12
ERT-3 9.93 9.91 9.79 9.80 9.91
ERT-4 10.21 9.19 9.15 9.09 8.28
ERT-4A

ERT-5 9.29 9.24 9.14 9.11 9.23
ERT-6 9.33 9.30 9.20 9.17 9.28
ERT-7 9.06 8.88 8.93 8.87 9.00
ERT-7A

ERT-8 9.06 8.98 8.87 8.81 8.97
ERT-8A

ERT-9

ERT-9A

ERT-10

ERT-10A

ERT-20

ERT-21

ERT-22

ERT-23

ERT-24

ERT-25

ERT-26

ERT-27

ERT-28

ERT-29

ERT-30

GW-2

GW=-7

GW-~-8

GW-9

GW-13

GW=-17

GW-18

GW-19

GW=-23

REI-1 18.50 19.45 18.07 18.32 18.47
REI-3-1 .

REI-3-2

REI-3~3 .

REI-5

REI-6~-1

REI-6-2

REI-8

REI-9

REI-10~-2

REI-10-3 9.22 9.31 9.25 9.19 9.33
REI-10-4

REI-12-2



023977

WELL

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES
WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL

1l6-Nov-87 l17-Nov-87 18-Nov-87 20-Nov-87 25-Nov-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT~-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT=-9A
ERT-10
ERT-10A
ERT-20
ERT~21
ERT-22
ERT-23
ERT-24
ERT-25
ERT-26
ERT-27
ERT-28
ERT-29
ERT-30
GW-2
GW=7
GW-8
GW-9
GW-13
GW=17
GW-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3-3
REI-5
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

10.36
10.06
9.89
9.24
9.22
9.28
9.23

9.18

18.62

9.47

10.44

10.16
9.96
9.32

9.26
9.31
9.34

9.28

10.32
10.07
9.18
9.24
9.26
9.29

9.31

18.56

9.23

9.23
9.63
9.31
9.26
8.97

9.12

10.72
9.61

10.43

10.25
9.63
9.58
9.58
9.61
9.67
9.73
9.60
9.67
9.43
0.03
9.48
9.62

18.94




023978
FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 26-Nov~87 27-Nov-87 28-Nov-87 29-Nov-87 30-Nov-87

ERT-1 10.73 10.73 10.78 10.74 10.76
ERT-1A 9.60 9.67 9.63 9.63
ERT=-2 10.45 10.46 10.52 10.50 10.49
ERT-3 10.28 10.29 10.32 10.29 10.29
ERT~4 9.63 9.68 9.63 9.63
ERT-4A 9.65 8.68 9.63 9.67
ERT-5 9.61 9.58 9.63 9.59 9.60
ERT~-6 9.65 9.64 9.70 9.66 9.66
ERT=-7 9.68 8.63 9.68 9.62 9.60
ERT-7A 9.72 9.75 9.71 9.70
ERT-8 9.60 9.66 9.60 9.59
ERT-8A 9.70 9.65 9.70 9.63 9.62
ERT-9 9.47 9.55 9.51 9.53
ERT-9A 0.05 3.87 5.51 6.21 6.89
ERT-10 . 9.47 9.58 9.54 9.50
ERT-10A 9.60 9.64 9.66 9.64 9.62
ERT-20

ERT-21

ERT=-22

ERT=-23

ERT-24

ERT-25

ERT-26

ERT-27

ERT-28

ERT-29

ERT-30

GW=-2

GW=-7

GW-8

GW-9

GW-13

GW=-17

GW-18

GW-19

. GW=-23

REI-1 18.98 19.03 19.08 19.02 19.03
REI-3-1

REI-3-2

REI-3-3

REI-5

REI-6-1

REI-6-2

REI-8

REI-9

REI-10-2

REI-10-3 9.80 9.85 9.88 9.81 9.85
REI-10-4

REI-12-2




023979

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 03-Dec-87 07-Dec-87 08-Dec-87 09-Dec-87 ll-Dec-87

ERT-1 10.71 10.88 10.90 10.34 10.94
ERT-1A 9.52 9.78 9.79 9.69 9.84
ERT-2 10.47 10.62 10.56 10.42 10.72
ERT-3 10.23 10.47 10.49 10.35 10.51
ERT-4 9.58 9.77 9.75 9.43 9.83
ERT-4A 9.63 9.76 9.74 9.65 9.82
ERT-5 9.56 9.77 9.79 9.65 9.84
ERT-6 9.65 9.82 9.82 9.72 9.87
ERT=-7 9.61 9.73 9.71 9.58 9.75
ERT-7A 9.65 9.82 9.80 9.70 9.84
ERT-8 9.53 9.70 9.69 9.56 9.73
ERT-8A 9.57 9.76 9.74 9.62 9.78
ERT-9 9.09 9.63 9.65 9.53 9.76
ERT-9A 8.17 1.85 3.01 4.05 5.29
ERT-10 9.44 9.68 9.68 9.59 9.74
ERT-10A 9.57 9.80 9.72 9.66 9.80
ERT-20

ERT-21

ERT-22

ERT-23

ERT-24

ERT-25

ERT-26

ERT-27

ERT-28

ERT-29

ERT-30

GW-2

GW=7

GW-8

GW-9

GW-13

GW-17

GW~-18

GW-19

GW=-23

REI-1 18.98 19.10 19.10 18.98 18.72
REI-3-1

REI-3-2

REI-3-3

REI-S

REI-6-1

REI-6-2

REI-8

REI-9

REI-10-2

REI-10-3 9.77 9.91 9.91 9.82 10.01
REI-10-4

REI-12-2

D-10



023930

WELL

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES
WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL

16-Dec-87 20-Dec-87 21-Dec-87 23-Dec-87 26-Dec-87

ERT-1
ERT-1A
ERT-2
ERT-3
ERT=4
ERT=4A
ERT=-5
ERT=6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT-9A
ERT-10
ERT-10A
ERT=-20
ERT-21
ERT=-22
ERT-23
ERT-24
ERT=-25
ERT-26
ERT=-27
ERT-28
ERT=-29
ERT-30
GW~-2
GW~-7
GW~-8
GW-9
GW-13
GW=-17
GW~-18
GW-19
GW-23
REI-1
REI-3-1
REI=-3-2
REI~-3-3
REI-5
REI-6~1
REI-6-2
REI-8
REI-9
REI-10-2
REI-10-3
REI-10~4
REI-12-2

10.66
9.44
10.47
10.31
9.51
9.56
9.56
9.70
9.63
9.76
9.61
9.67
9.54
8.17
9.55

9.64

19.10

9.84

10.74
9.65
10.48
10.29
9.61
9.73
9.57
9.67
9.62
9.74
9.59
9.60
9.51
2.21
9.53
9.62

18.92

D-11

11.00
9.83
10.66
10.53
9.83
10.41
9.77
9.80
9.99
10.06
9.93
10.20
9.71
3.75
9.70
9.84

19.38

11.10
9.97
10.86
10.65
9.97
9.95
9.99
10.06
9.89
9.96
9.85
9.90
9.89
5.85
9.88
9.94

19.40

10.13

10.94
9.83
10.66
10.47
9.81
9.69
9.79
9.84
9.73
9.86
9.71
9.81
9.59
7.65
9.73
9.80

19.24

10.05



023931

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES
WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL

WELL 27-Dec-87 28-Dec-87 29-~Dec-87 30-Dec-87 31l-Dec-87

ERT-1 10.92
ERT-1A 9.73
ERT-2 10.52
ERT~3 10.31
ERT-4 9.74
ERT-4A 9.81
ERT-5 9.69
ERT-6 9.78
ERT=-7

ERT-7A

ERT-8

ERT-8A

ERT-9 . 9.69
ERT-9A 8.07
ERT-10 9.68
ERT-10A

ERT-20

ERT-21

ERT-22

ERT-23

ERT-24

ERT-25

ERT-26

ERT-27

ERT-28

ERT-29

ERT-30

GW=~2

GW~7

10.96
9.83
10.64
10.45
9.83
9.87
9.77
9.84
9.73
9.90
9.73
9.86
9.63
8.47
9.68
9.80

19.26

D-12

10.86
9.75
10.60
10.37
9.73
9.79
9.67
9.74
9.67
9.82
9.61
9.78
9.59
8.61
9.62
9.72

19.16

9.89

11.11

9.93
10.80
10.59

‘10.93

9.92
9.92
9.97
9.86
9.97
9.88
9.92
8.85
8.91
9.79
9.92

19.38

10.12

11.14
10.01
10.85
10.64
10.01
9.97
9.97
10.02
9.86
9.95
9.78
9.93
9.96
9.14
9.92
9.95

19.44

10.22




027132

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 0l-Jan-88 02-Jan-88 03-Jan-88 04-Jan-88 l17-Jan-88

ERT-1 10.98 10.96 11.10 10.93

ERT-1A 9.87 9.76 8.98 9.82

ERT-2 10.72 10.74 10.83 10.63 10.78
ERT-3 10.49 10.47 10.61 10.40 10.61
ERT-4 9.86 9,78 9.99 9.80

ERT-5 9.81 9.81 9.92 9.74 9.89
ERT-6 9.85 9.78 9.97 9.77 9.92
ERT=7 9.76 9.73 9.83 9.65 9.83
ERT-7A 9.91 9.93 9.96 9.82 9.96
ERT-8 9.73 9.73 9.83 9.68 9.82
ERT-8A 9.86 . 9.80 9.91 9.79 9.99
ERT-9 9.77 9.64 9.86 9.71 9.91
ERT-9A 9.31 9.26 9.51 9.55 9.74
ERT-10 9.76 9.68 9.90 9.78 9.90
ERT=-10A 9.84 9.80 10.01 9.84 9.96
ERT-20 -

ERT-21

ERT-22

ERT-23

ERT-24

ERT-25

ERT-26

ERT-27

ERT~28

ERT~29

ERT-30

GW=-2

GW~7

GW-8

GW-9

GW-13

GW=~17

GW-18

GW~19

GW~23

REI-1 18.58 18.58 19.42 19.25 19.41
REI-3-1

REI-3=2

REI-3-3

REI-5

REI-6-1

REI-6-2

REI-8

REI-9

REI-10-2

REI-10-4

REI-12~2

D-13




023989

WELL

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES
WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL

18-Jan-88 19-Jan-88 20-Jan-88 21-Jan-88 22-Jan-88

ERT-1
ERT-1A
ERT=~2
ERT-3
ERT-4
ERT-4A
ERT-5
ERT=-6
ERT-7
ERT-7A
ERT-8
ERT-8A
ERT-9
ERT~9A
ERT-10
ERT-10A
ERT-20
ERT-21
ERT-22
ERT-23
ERT-24
ERT-25
ERT=-26
ERT-27
ERT=-28
ERT=-29
ERT-30
GW=2 -
GW=7
GW-8
GW=9
GW-13
GW=-17
GW-18
GW-19
GW-23
REI-1
REI-3~-1
REI-3-2
RRI-3-3
REI-S
REI-6-1
REI-6-2
REI-8
REI-9
REI-10-2
REI~10-3
REI~-10-4
REI-12-2

11.10
10.09
10.88
10.93
9.97
10.01
9.97
10.32
9.95
10.08
9.91
10.07
9.98
9.84
10.00
10.02

19.47

11.07
10.17
10.84
10.25
9.99
8.99
9.97
9.97
9.94
9.88
9.93
10.18
10.07
9.85
10.04
10.01

19.51

D-14

10.78
9.91
10.48
10.60
9.65
9.67
9.55
9.60
8.59
9.83
9.55
9.83
9.60
9.35
10.04
9.72

19.08

10.79
9.80
10.50
10.27
9.69
9.66
9.61
9.65
6.63
9.84
9.57
9.83
9.51
4.70
9.66
9.80

19.17

10.81
9.75
10.52
10.28
9.71
9.72
9.59
9.64
9.64
9.77
9.60
9.74
9.64
8.92
9.68
9.86

19.00



023984

WELL

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES
WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL

23-Jan-88 24-Jan-88 03-Feb-88 04-Feb-88 09-Feb-88

ERT-1
ERT-1A
ERT-~2
ERT=-3
ERT-4
ERT-4A
ERT=-5
ERT-6
ERT=7
ERT-7A
ERT-8
ERT-8A
ERT=-9
ERT-9A
ERT-10
ERT-10A
ERT-20
ERT-21
ERT-22
ERT-23
ERT=-24
ERT-25
ERT=-26
ERT-27
ERT-28
ERT-29
ERT-30
GW-2
GW-7
GW-8
GW=-9
GW-13
GW~-17
GW-18
GW-19
GW-23
REI-1
REI-3-1
REI-3-2
REI-3~-3
REI-5
REI-6-1
REI-6-2
REI-8
-REI-9
REI-10-2
REI-10-3
REI-10-4
REI-12-2

10.88
9.94
10.76
10.51
9.86
9.91
9.85
9.88
9.83
9.94
9.79
9.92
9.86
9.46
9.90
9.92

19.08

'9-81

10.88
9.94

19.08

9.81

D-15

9.77

9.73

9.66
9.72

9.58
9.66
9.57
9.72
9.80

10.68
9.81
10.43
10.19
9.60

9.35

9.52

9.57

18.79

10.92

10.60
10.32
9.79
9.80
9.70
9.74
9.77
9.85
9.73
9.81
9.77
9.70
9.83
9.84

18.56

10.89



072985

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

. WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 11-Feb-88 12-Feb-88 l13~Feb-88 14-Feb-88 15-Feb-88

ERT~-1 10.82 10.81 10.83 10.84 10.82
ERT-2 10.54 10.50 10.52 10.56 10.52
ERT-3 10.29 10.23 10.21 10.25 10.27
ERT-4 9.73 9.68 9.72 9.68 9.71
ERT-4A 9.71 9.67 9.70 9.74 9.71
ERT-5 9.59 9.58 9.61 9.71 9.60
ERT-6 9.64 9.60 9.60 9.66 9.68
ERT-7 9.65 9.63 9.63 9.67 9.67
ERT-7A 9.82 9.76 9.77 9.77 9.86
ERT-8 9.61 9.57 9.58 9.57 9.63
ERT-8A 9.78 9.75 9.76 9.78 9.82
ERT-9 9.65 9.65 9.66 9.68 9.67
ERT-9A 9.65 9.55 9.49 9.53 9.53
ERT-10 9.71 9.68 9.68 9.76 9.68
ERT-10A 9.84 9.74 9.74 9.72 9.78
ERT-20

ERT-21

ERT=-22

ERT-23

ERT-24

ERT-25

ERT-26

ERT=-27

ERT-28

ERT-29

ERT-30

GW-2

GW=-7

GW-8

GW-9

GW-13

GW-17

GW-18

GW-19

GW-23 ‘

REI-1 19.06 19,08 19.10 19.59 15.08
REI-3-1

REI-3-2

REI-3-3

REI-S

REI-6~-1

REI-6-2

REI-8

REI-9

REI-10-2

REI-10-3 10.09 9.91 9.91 9.21 9.95
REI-10~-4

. REI-12-2 -

D-16




023736

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 18-Feb-88 03-Mar-88 16-Mar-88 29-Mar-88 02-Apr-88

ERT-1 10.88 10.82 10.90 11.24 11.13
ERT-1A 9.73 9.87 9.79 10.18 10.05
ERT-2 10.56 10.70 10.62 10.65
ERT-3 10.29 10.28 10.75 10.55
ERT-4 9.69 9.73 9.79 9.99 10.06
ERT-4A 9.73 9.89 9.83 9.95 10.01
ERT-5 9.59 9.55 9.71 9.85
ERT-6 9.70 9.64 10.10 9.91
ERT-7 9.71 9.92 9.61 9.71 9.85
ERT-7A 9.86 10.10 9.82 9.86 9.99
ERT-8 9.67 9.41 9.74 10.09 9.88
ERT-8A 9.79 9.70 - 9.76 9.80 9.95
ERT-9 9.76 9.87 9.66 9.84 10.01
ERT-9A 9.61 9.79 9.52 9.73 9.96
ERT-10 9.77 9.90 9.69 10.36 9.97
ERT-10A 9.80 9.70 9.72 9.92 10.10
ERT-20 10.15 10.21

ERT-21 9.59 6.53

ERT-22 9.54 9.58

ERT=-23 9.77 9.99

ERT-24 9.97 9.59

ERT-25 10.07
ERT-26 10.22
ERT-27 11.63
ERT-28 6.77
ERT-29 10.40
ERT-30 4.91
GW-2

GW-7

GW-8

GW-9

GW-13

GW-17

GW-18

GW-19

GW=-23

REI-1 19.16

REI-3-1

REI-3-2

RBI-3-3

REI-5

REI-6-1

REI-6-2

REI-8

REI-9

REI-10-2 9.48 9.52 9.48 10.88
REI~-10-3 10.34 9.79 10.01 10.11
REI-10-4 9.86 9.77 10.24 10.15
REI-12-2

D=-17



23837

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES
WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL

WELL 1l-Apr-88 13-Apr-88 25-Apr-88 07-May-88 l1l4-May-88
ERT-1 10.88 10.86 10.65 9.57 9.43
ERT=-1A 9.82 9.76 9.55 9.59 9.57
ERT=-2 10.54 10.37 9.60 9.54
ERT-3 10.43 10.09 9.56 9.58
ERT-4 9.75 9.71 9.52 9.60 9.53
ERT-4A 9.79 9.76 9.55 9.60 9.53
ERT-5 9.80 9.45 9.56 9.56
ERT-6 9.72 9.50 9.61 9.50
ERT=-7 9.65 9.67 9.44 9.51 9.48
ERT-7A 9.86 9.83 9.57 9.59 9.55
ERT-8 9.69 9.63 9.42 9.50 9.51
ERT-8A 9.80 9.78 9.54 9.56 9.42
ERT-9 9.71 9.76 9.52 9.58 9.56
ERT-9A 9.76 9.63 9.53 9.77 9.82
ERT-10 9.74 9.41 9.51 9.57 9.58
ERT~-10A 9.82 9.80 9.60 9,63 9.53
ERT-20 10.04 9.34
ERT-21 9.56 9.17
ERT=-22 9.55 9.30
ERT-23 9.98 9.71
ERT-24 9.79 9.52
ERT-25 9.85 9.58
ERT-27 11.38 10.76
ERT-29 10.46 10.02
ERT-30 4.71 4.09
GW-2 4.53
GW-7 11.16
GW-8 8.21
GW-9 15.00
GW-13 9.37
GW=-17 9.77
GW-18 12.40
GW~-19 10.14
GW=-23 6.85
REI-1 17.47
REI-3-1 9.32
REI-3-2 8.52
REI-3-3 9.17
REI-5 10.63
REI-6-1 9.82
REI-6~2 9.87
REI-8 9.60
REI-9 7.18
REI-10-2 9.56 9.50 9.28 9.36 9.39
REI-10-3 9.96 9.73 9.58 7.97 7.93
REI-10-4 9.94 9.92 9.68 9.35 9.27
REI-12~2 8.16
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123938

FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES
WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL

WELL 24-May-88 28-May-88 07-Jun-88 20-Jun-88 24-Jun-88

ERT-1 9.26 9.09 9.08 8.68
ERT-1A 9.25 9.10 9,07 8.57
ERT-2 9.24 9.09 9.07 9.02 8.72
ERT-3 9.25 9.11 9.10 8.55 8.83
ERT-4 9.25 9.08 9.08 9.67 8.73
ERT-4A 9.31 9.11 9.08 8.89 8.75
ERT-5 9.23 9.06 9.05 9.61 8.73
ERT-6 9.30 9.10 9.10 8.80 8.80
ERT-7 9.15 8.95 9.05 8.61 8.56
ERT-7A 9.24 9.04 9.12 8.66 8.58
ERT-8 9.15 8.91 9.07 8.51 8.49
ERT~-8A 9.24 9.03 9.21 8.68 8.58
ERT-9 9.25 9.07 9.07 8.61 8.67
ERT-9A 9.41 9.25 9.26 8.79 8.91
ERT-10 9.63 9.08 9.07 8.68 8.68
ERT-10A 9.38 9.15 9.20 9.20 8.70
ERT-20 8.69 8.06
ERT-21 8.77 7.20
ERT=-22 8.98 8.37
ERT=-23 9.35 8.83
ERT-24 9.21 8.73
ERT=-25 8.98 8.52
ERT-26 8.82 8.60
ERT-27 10.25 9.97
ERT~-28 7.93 7.27
ERT-29 8.97 8.47
ERT-30 3.65 2,98
GW=-2
GW=-7
GW-8
GW-9
GW-13
GW=-17
GW-18
GW-19
GW-23
REI-1
REI=-3-1 8.02 7.71
REI-3-2
REI-3-3 8.29 7.65
REI-5 9.55 8.87
REI-6~1
REI-6~2
REI-8
REI-9 .
REI-10-2 9.44 8.84 8.82 8.42 8.44
REI-10-3 9.17 8.91 8.94 8.61 8.59
REI-10-4 10.00 8.75 8.77 8.34 8.36
REI-12-2
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FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 29-Jun-88 08-Jul-88 18-Jul-88 06-Sep-88

ERT-1 8.59 8.41 8.08 9.08
ERT-1A 8.22 8.27 8.25 8.42
ERT=-2 8.62 8.42 8.20 9.11
ERT-3 8.69 8.50 8.32 9.15
ERT-4 9.70 8.40 8.15 9.08
ERT-4A 8.66 8.53 8.17

ERT-5 8.63 8.43 8.21 9.11
ERT-6 8.70 8.50 8.30 9.13
ERT=-7 8.44 8.23 8.03 9.11
ERT-7A 8.48 8.23 8.01 9.06
ERT-8 8.41 8.20 8.00 9.10
ERT-8A 8.50 8.26 7.14 9.05
ERT-9 8.55 8.37 8.11 9.04
ERT-9A 8.75 8.55 8.35 9.17
ERT-10 8.58 8.38 8.13 9.02
ERT-10A 8.62 8.44 8.14 9.01
ERT-20 7.27 8.50
ERT-21 7.41 8.89
ERT-22 7.79 8.04
ERT-23 8.15 9.00
ERT-24 8.40 9.03
ERT-25 8.29 9.01
ERT-26 8.04 8.77
ERT-27 6.22 9.46
ERT-28 6.32 5.87
ERT-29 7.47 7.69
ERT-30 2.34 2.72
GW=-2

GW=-7

GW-8

GW-9

GW-13

GW=-17

GW-18

GW-19

GW=-23

REI-1

REI-3-1 0.03 -1.35
REI-3-2 :

REI~3-3 3.92

REI-S 9.74 8.36
REI-6-1

REI-6-2

REI-8

REI-9

REI-10-2 8.34 8.34

REI-10-3 8.48 8.28 8.01 8.93
REI-10-4 8.25 8.24 8.00 8.94
REI-12-2
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FRENCH LIMITED WATER LEVEL ELEVATIONS BY DATES

WATER LEVEL ELEVATION ABOVE MEAN SEA LEVEL
WELL 17-0ct-88 16-Nov-88 29-Nov-88

ERT-1 8.41

ERT-1A 7.42
ERT-2 7.92
ERT-3 8.43 7.99
ERT-4 12.00
ERT=-4A 7.76
ERT-5 7.96
ERT-6 7.97
ERT-7 8.13
ERT=-7A 8.06
ERT-8 8.31 8.06
ERT-8A 8.06
ERT-9 8.04
ERT-9A 8.17
ERT-10 . 8.43 8.03
ERT-10A 8.03
ERT-20 7.49 7.35
ERT-21 8.15 7.97
ERT=-22 8.40 8.15
ERT-23 8.32 7.92
ERT~-24 8.28 7.89
ERT-25 8.52 8.06
ERT-26 8.02 7.69
ERT-27 8.85 8.56
ERT-28 5.32 3.96
ERT-29 7.16 6.78
ERT-30 2.30 1.91
GW=-2

GW=~7

GW-8

GW-9

GW-=13

GW=-17

GW-18

GW~-19

GW-23

REI-1

REI-3~-1

REI-3-2

REI-3-3

REI-5

REI-6-1

REI-6-2

REI-8

REI-9

REI-10-2 7.85
REI-10-3 8.27 6.35
REI-10-4 8.15 7.91
REI-12-2
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